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REPORT OF THE CHIEF SIGNALOFFICER.

S1GNAL OFFICE, WAR DEPARTMENT,
Washington City, October 1, 1890.
Honorable REDFIELD PROCTOR,
Secretary of War.

SIrR: I have the honor to submit for the fiscal yem" ending June 30,
1890, the annual report of the operations of the Signal Corps.

DIVISION OF MILITARY SIGNALING.

The full and complete report of 1st Lieutenant Richard E. Thompson, '
6th Infantry, Signal Officer (Appendix No. 1), sets forth the condition
of military signaling in the Army. '

The Chief Signal Officer is gratified to report a decided improve-
ment in the condition and efficiency of the Army as regards signal
Practice, which results from several causes, the most potent being the
reversion of the policy regarding signal practice which proviously ‘
obtained, under orders, every month of the year, but which is now
confined to two months selected by the Department Commander, who
is responsible in this, as in other military duties, for the cﬁiuenq of
his command.

Signal practice has obtained to a greater extent than for many years,
and the records show that no less than 393 officers of the line have’
been under instruction during the year, representing for the first time
in many years every regiment of the Army. It appears that forty per
centum of the available officers of the line are cither moderately profi-
f:ient in the transmission of messages by signaling, or have received
lustruction therein during the past year. At least fifteen hundred
enlisted men have been instructed, since dmmg both December and
Febra uary nearly eleven hundred enhsted men were engaged in practice.,

The reiterated recommendations of the Chief Signal Officer regarding
the detail of an officer of the Signal Corps as instructor in signaling
at one of the great schools of the Army (Fort Riley, Kans.,) have been -
at length favorably viewed, and at an early date instruction will begin.

Uuiortunately no provision has as yet been made for protection
against the weather of thé valuable field telegraph trains of this Ser-
vice, but 113 is hoped that during the coming year they may at least be
but under cover, if not made available for instruction purposes. '

This division has continued its practice of gathering information as .
to plans and methods’ of signaling in foreign countries. ~ The impor-
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tance of this work, in connection with the collection of kindred infor-
mation. ias heen alluded to in a prior report as proper and legitimate
daties for the Signal Corps. .

By far the most important event in connection with the Signal Corps
of the Army bas been the unprecedentedly successful establishment
and maintenance of an elaborate system of heliograph signaling in the
Department of Arvizona, The credit for this work deservedly belongs
to Assistant Adjutant General William J. Volkmar, who in addition to
his staff duties, voluntarily assumed those of the Chief Signal Officer of
the Departmeunt. Major Volkmar undertook the task of practically
testing the scheme of covering, with an inter-related system of helio
graph stations, such parts of his department as were of especial mili-
tary importance. Such excellent judgment, marked energy, and
concerted action characterized Major Volkmar’s orders and operations
as made this system successful far beyond reasonable expectations.
The value of this work is not ephemeral, since it consisted not alone
in testing the applicability of the heliograph system as a valuable sup-
plement to military movements in the field, but also accumulated, in a
graphic and permanent form, a detailed knowledge of the physical
conditions of Arizona, which will be valuable in all fature military
movements or operations in that territory.

Preliminary practice, under Major Volkmar’s supervision, was had
from April 1st to 10th, 1890, which resulted in the elimination of un
necessary intermediate stations, and rendered practicable the estab-
lishment of others of greater importance, thus materially extending the
system. Concerted practice took place fromn May 1st to May 15th,
1890, and in view of its great importance to his Corps, the Chief Signal
Officer during this period visited southeastern Arizona and southwest-
ern New Mexico, and upon the summit of Bowie Peak was in commu-
nication with six different heliograph stations, distant from twenty to
seventy-five miles in a straight line, or from thirty to one hundred miles
by road.’' In view of the importance of this work as many heliographs
as could be spared, without detriment to other departments, were assem-
bled under Major Volkmar’s charge.

About two thousand miles of heliograph lines were operated. Thirty
three officers and one handred and twenty-nine enlisted men and opera-
tors took part in this remarkable practice, during which neatly four
thousand messages and about one hundred thousand words were ex-
changed. The regular transmission and interchange of messages were
had over greater ranges than have ever before been known in any mili-
tary practice, or indeed by any methods. Previously seventy-five
miles constituted an extreme range for military heliograph work, but
in this practice messages were successfully sent and answered over
ranges, respectively, of cighty-five, cighty-eight, ninety-five, and com-
munication had at one hundred and twenty-five miles.

~ In connection with the heliograph practice in Arizona, the Ohief
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Signal Officer feels it proper to mention Capi -in . H. Mwray, 4ih
Cavalry, for the éxecutive ability shown in the wrrangCurent aud per-.
formance of this novel duty; for his practieal skill in devising means
for replacing unserviceable parts of instruments; aud for his personal
participation in the transmission of signals a distance of 125 miles.
The following officers should be mentioned as associated in difficult
and successful practico at extraorvdinary distances, viz., Lieutenants
George B. Duncan, 9th Infantry, Robert D. Read, jr., 10th Cavalry,
Heury C. Keene, jr., 24th Infantry — 85 miles from Baker’s Butte to
Pinal Mountain; Licutenants W. H. Hart, 4th Cavalry, A. L. Dade,
10th Cavalry, and M. R. Peterson, 10th Infantry, for 90- nnle lash,
from Graham to Huachuca; Lieutenants Carl Reichmaun, 24th In-
fantry, Peterson, 10th Infantry, Dade and George E. Stockle, 10th
Cavalry, between Lookout Peak and Graham, 100 miles; Lieutenants
Wittemmyer, 9th Infantry, Dade, 10th Cavalry, and Peterson, 10th In-
fantry, for the extraordinary inter-communication between Mount Reno
and Mount Graham, 125 miles. '

Lieutenant Henry W. [Tovey, 24th Infantry, shonld be noticed for
the admirable and successtul management, as superintendent of the
New Mexico division, of the lines under his charge.

To Licutenant Read, 10th Cavalry, is due the credit for great energy
and practical ingenuity in the establishment of the signal station on
Pinal Mountain under difficulties of no ordinary character.

The longest distance at which regular communication has before
been had by heliograph is believed to be that between the islands of
Mauriting and Reunion, a distanee of 117 miles. The Maanritius-

"Rennion line was a commereial one, with permanent apparatus, cost- )
ing over 15,000, and having mirrors whieh displayed upwards of
1,200 square inches of reflecting surface. These data indicate a high
degree of skill in manufacture and of deftuess in manipulation, whereby
the extraordinary work of the Mauritius-Reunion heliograph line has
been surpassed by the simple and portable Signal Serviee heliograph,
in use in the American Army. which exposes barely 20 square inches
of reflecting surface, eosts 510, and proves to be snfficiently powerfual
for communication at a distance of 125 miles.

TIIE UNITED STATES TELEGRAPH LINES.

The report of 2d Lieutenant James Mitchell, Signal Corps, in charge
of the Telegraph Division of this oftice, forms Appendix No. 2. A
brief description of these telegraph lines, Wlth changes during the vear,
appears in Licutenant Mitchell’s exhaustive report.

On June 30, 1990 there were sixty enlisted men of the Signal Corps
and eighteen cwllmns on duty in connection.with military and sea-
coast telegraplh lines. . Besides regular telegraph duties these men are *
also utilized in connection with meteorological work. The Chief Signal
Officer feels called upon to especially commend the satisfactory service



6 UEPORT OF THE CHIEF SIGNAL OFFICER.

perfrriged by the enlisted men and civilians engaged on this trying
duty. Thesc lines. remore from centres of civilization, entail long and
monotonous hours of duty every day of the year, mdudmg Sundays, as
well as more or-less physical hardships. The character of the work
also renders necessary frequent exposure to severe weather during ex-
tended line trips to keep up communication, often endangering health
and occasionally even life. The Chief Signal Officer, as far as has been
practicable in public interests, has reduced the hours of labor and
ameliorated the condition of these operators, which, unfortunately,
must be hard, and, still more unfortunately under present conditions,
poorly remunerated.

At the end of the year 1,337 nnles of military telegraph lines and
621 miles of sen-coast lines were in operation. Lines have invariably
been discontinued wherever the extension of railway and commercial
- lines permit, or in other instances where the lines were no longer re-
quired for strictly military purposes. Thero lias been a total ‘decrease
of 278 miles iu the length of the military lines, while the sea-coast
systemn has undergone no. change. Two new lines, aggregating 87
miles in length, were constructed during, the year, in order to obtain
shorter and more reliable outlets for existing military lines. In such
cases the material was recovered from old lines and th(, work of con-
struction done by troops.

The condition of the sea-coast line between Port Angeles and Tatoosh
Island or Cape Flattery, which is of great importance to the maritime
interests of the Pacific coast, is unchanged, and it yet remains inopera-
tive. Inview of the prospective appropriation for its repair, the station
on Tatoosh Island has been maintained under charge of a keeper, at a
small expense, pending the late favorable action of Congress.

The entire government receipts from the telegraph lines during the
past year aggregated 87,187.24. These moneys; together with those
arising from the sales of abandoned lines, have been deposited in the
Uhnited States Treasury. In addition to government tolls the officers
and operators have received and turned over the sum of $11,612.85,
being moneys received for tolls over connecting commercial lines.

CORRESPONDENCE DIVISION.

In Appendix No. 3 appears the report on the very extended corres-
pondence of this office, involving the receipt and sending of more
than 360,000 communications apart from bulletins, weather maps, cte.
As parts of this appendix are lists showing offices inspected, stations
recommended for occupancy, and names of meteorological committees.
which have conferred with this Bureau during the year, .

Whenever the exigences of current business would permit, time has
been given to completing transcripts of the military history of every
officer and man who served in the Signal Corps during the War of the
Rebellion. This work is now in an advanced stage, and it is believed
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that it will be completed during the fiscal -ear. “The great mass ofs
war records is already so methodically arranged that jnformation’in .
case of pensions is invariably completed and returned to the Ad_)utantr'-
Geuneral within one working day. '

The Chief Signal Officer has special pleasure in commendmg the.
zeal, attentiveness, and fidelity of the clerks and other employés in
the central office ; the occasions having been most rare Where inatten-
tion or tardiness have happened, and it is believed that the efficiency
of the employés is not excecded Ly that of any other Bureau under the
control of the Government. The attendance of emplové% at the central
office is most creditable, the average absence with leave being 27. a
days, and on aceount of sickness 5.3 days. The average absence, for
all causes, of male employés was 29.7 days, and of female employés
33.4 days.

METEOROLOGICAL WORK. _

The civil duties imposed npou the Honorable Secretary of War by
Joint Resolution of February 9, 1870, and which by his orders have de- .
volved upon the Chief Signal Oflicer of the Army, arve yearly growing
in extent and importance. Apart from the weather forecasts, which
are voluntary, not being provided for by law, these duties involve by
specific legislation the issuing of storm-warnings; the display on the
northern lakes, the Gult, and sea coast of signals for the ULenefit of
maritime interests; the gauging and reporting of rivers for navigation
and flood-warnings; the maintenance and operation of sea-coast lines
for the benefit of commerce and navigation, and of interior military
lines for the nse of the Army ; the reporting of temperature and rain-
fall conditions for the cotton interests; the display of frost warnings
in the interest of agriculture, and the notification of advancing col(l ,
waves for the benefit of the general publxc.

WEATHER FORECASTS AND STORM WARNINGS.

The issue of these warnings has been uninterrupted throughout the
year, aud such promptness and regularity have only been possibla
through the continnity and efficiency of telegraph service on the parb’
of the Western Union and other telegraph companies.

It is justice to the Western Union Telegraph Company (which eor-
. boration necessarily handles nine-tenths of the weather reports of this
Service), to state that the pending controversy, regarding rates of com-
pensation, has in no wise affected the cfficiency of the telegraplh ser-
vice rendered. [n no previons year have the circnit reports been
handled with more aceuracy and speed than at present, while the’
special service—save in very few cases, which have received the prompt
attention of the execative officials of the company—has been most sat-
isfactory and free from undue delays. In cases of serious interrup-
tions to telegraph circuits, the company has invariably placed its last .
wire at the service of this Bureau. '
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" iplications asking special predictions for cities have been so nu-
me. us that the overworked Forecast Official cannot furnish such
regutarly. ‘Thoe office, however, always furnishes special predictions
on occasions of public importance. The impossibility of accomplishing
additional work of this character is shown by the fact that the average
time at the disposal of the Forecast Official for the discussion and
formal issue of weather forecasts is forty-nine minutes in the morning
and fifteen minutes more at night. ‘ C

The duties devolving personally on the Forecast Official, in this
limited time, permit less than one-quarter of a minute on an average
in which to decide, formulate, and express a forecast for a state or dis-
trict regarding any meteorological element, such as weather, tempera-
ture, and wind. Rarely can a minute be given to the predictions for
any particular state or distriet. This time limitation forbids for an
entire state anything but a forecast of a gencral character, while
again the variety of weather conditions in large areas often precludes
the possibility of briefly announcing them, even in summarizing and
much less in- forecasting.

With a view of subserving the public interest by local forecasts, the
Chief Signal Officer has initiated the plan of permitting officers’ and
observers in charge of stations outside of Washington City to make
local forecasts of weather and temperature. A conservative course
has been followed, and in no case has an officer or observer been au-
thorized to make such forecasts except on application and with the
recommendation of the Stations Officer. At present the observers in
charge of 31 stations are authorized to make forecasts both for weather
and temperature, and at 53 others they predict the weather ouly. This
plan has so far been received with general favor and met with such
success as to warrant the continuance and gradual extension of the
system. Observers issuing maps publish, under proper caption, the,
local predictions made by themselves, as supplementary to the official
forecasts.

The local press in the great cities of the country, and occasiohally
in smaller places, has appreciated the public interest in local forecasts,
and has, in a pumber of cases, employed a meteorological editor who,
furnished with the data of the Signal Service, has enlarged on the gen-
eral synopsis of this Barcau, and supplemented thew by definite and
gatisfactory local forecasts. These meteorological editors of ability
have put forth their forecasts not only in an agreeable form, but, thor-
oughly familiar with local needs, in such shape as local business inter-
ests demanded. The value of such supplementary work cannot be
overestimated, since millions of readers of these great nwtropoliﬁan
‘dnilies never see the regular data issued by this Service. Among the
many-great journals which so largely contributed climatological and
metcorological data of local interest, may be particularly mentioned
the “ Boston Globe,” ¢ Boston Herald,” ¢ Cinciunati Commercial-Ga-
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zette,” “Chicago Inter- Oce'm,” “Chicago 'l‘ubuuc,’ i Du;l()lb Journal,”
“ Galveston News,” “New York Herald,” ¢ New York Sun;” ‘«New:
York Tribune,”” « S.lu.I‘lanmsco Chronicle,” and the “Samt Louls
Globe-Democrat.”

The predictions from Blue Hill Observatory, conﬁned to- Boston and.
vicinity, have been coutluued throu"h the liberality of Mr, A.
Lawrence Roteb.

The report upon the percentage of verification of omcnl foreeasts
for tweunty-four hours, issued daily at 8 a. m. aod 8 p. m., made by
Assistant Professor C. F. Marvin, forms Appendix No. 4. As
has been stated Lefore, this professor is in no way associated with
the forecast officials in their special work, and cousequently his judg-
ments are free from the suspicions of bias which might have arxseu
under the system of verification formerly in vogue.

The perecentages of successful forecasts (stated in detail'in Plofessor
Marvin’s report) are 84.4 for weather, 78.7 for temperature, and 82.6
as a general average. During the year 1,112 storm signals have been
ordered, of which 1,040 have been justified as to direction; 695 justi
fied wholly as to \'eloclty, and 59 partly as to vdoclty The accuracy
of weather and temperature predictions bas increased 1.7 per cent. over
the previous year; that of storm signals remains practically the same
as last year, 67.1 per cent.

Long time forecasts of weather and temperature have been issued at
the discretion of the forecast official, with successful percentages of
81.6 for 48 hours and 80.5 for 72 hours. These forecasts are made not
for small areas, but for extensive sections, Thoso for 72 hours in ad-
vance were somewhat infrequent, there being but 146 made during
the vear; those for 48 hours werce quite frequent, and ih number
reached 1,833. ' ‘

The following officers have performed the difficult and arduous work
of forecasting : Ciptain James Allen, 3d Cavalry, during the niouths
of September, December, and Marveh; Captain H. IL C. Dunwoody, 4th
Artillery, during August aud Jauunary; 2d Licutenant W. A. Glass-
ford, Signal Corps, during February and May; Assistant Professor
H. A. Hazeu, during October and June; 1st Lientenant R. 1%, Thomp-
son, Gth Infantry, during July, November, and April; 2d Lieutenant
J. B. Maxfield, Signal Corps, for the Pacific coast region, during the
entire year. The detailed standing of these officials appears in Appen-
dix No. 4. There is a difference of 6 per cent. between the general
average of the least successful (79.8) and the most successful (85.8)
official in forecasting weather and temperature. The wost success-
ful forecaster is the official having the longest experience in this class'
of work. As has been pointed-out in previous reports, special qualities:
of mind are essential for successtul work of this echaracter; but, in ad-
dition to natural aptitude, experience is necessary, and it must inevit-
ably follow in the future, as it has in the past, that the introduction’

¢
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“of a'ﬁew forecast official means temporarily a less degree of success
than ordinarily obtains. : -
COLD WAVES.

‘The Chief Signal Officer pointed out in his last annual report the
necessity which devolved upon him of training some single official in
. the important duties of forecasting advancing cold waves. In view ot
_the probable elimination at an early date of military featares from the
Woeather Bureau, the Chief Signal Ofiicer believed it inecumbent upon
bim to devolve duties of this and kindred character, as far as might be
possible, upon the civilian assistants of the office. In pursuance of this
policy, Assistant Professor Thomas Russell was directed to investigate
and study this class of phenomena, and shortly after, eighteen months
since, was assigned to the work of forecasting. As was stated last year,
the premature assigmment of Professor Russell to this duty was necessi-
,tated by the unexpected loss of an experienced official,

It inevitably-followed that Professor Russell worked at 'LLO]]%I(](,I«]D]Q
dlsadvantagb from lack of practice. e also labored under the further
disadvantage of restrictions thrown by the present Chief Signal Officer
around these predictions, which had formerly Ueen treated and verified
with a lenieney, too great for the publie good. In prior years percent-
ages had beeu dependent only upon cold waves actually forecast.
‘Besides, no time limit was placed upon the display, and no penalty
was attached to failure to forecast, no matter how severe or sudden
the cold, nor how serious the resulting damage.

' The percentage of verifications (55) relates to the cold waves forecast
under the present rigid rules, but to this might be added, in comparison
with preceding years, 14 per cent. of other waves which would have
been verified-under previous rules. Professor Russell has pursued a
most cautious course in displays, as cold waves occurred, counting the
‘stations separately, on 723 occasions, yvet there were buc fourteen oc-
casions on which severe cold waves were not predicted; in other words,
98 per cent. of all the important waves were forecast. Meantime Pro-
fessor Russell has devoted his energies to an elaborate investigation of
the scientific methods essential to the siiccessful prediction of cold

-waves, which study, being of great value and bearing upon current
work, forms part of his report. These investigations terminated too
late to be of practical benefit in the work of the past winter, but it is
believed that they farnish a groundwork upon which Professor Russell
will rear a superstructure of successful predictions satisfactory to the
country at large. This report forms Appendix No. 5.

RIVERS AND FLOODS.

Professor Thomas Russell, in addition to his duties as forecast offi- .
-eial of cold waves, has remained in charge of the River and Flood Ser-
vice of this Burcan., His report, which forms Appendix No. G, is not
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only of interest in connection with the current work of the past yoar,
but also for its general account of the disastrous floods which devartated

many thousand square miles of the lower Mississippi valley during the‘ v
spring of 1890.

Observations of the heights of ri ver* are made at seventy- -one places
on twenty-seven rivers, aud, as supplemeuntary to these, forty.seven
rainfall stations, located near the headwaters of the most important
tributaries of the great rivers, have been maintained, speedy and
accurate information-of heavy rainfalls at these points being essential
to the snccesstul forccasting of river rises.

The very limited appropriations at the disposal 01 this Bureau have
prevented the establishmeut of additional stations, except of the river -
at Terre Hunte, on the Wabash, and of rainfall at Rome, Ga., and at -
Arkadelphia, Ark. The appropriations have been insufticient to main-
tain daily observatious throughout the year at important stations or
to enable reports to be made for any portion of the year for the benefit
of the various communities along the Alabama, Coosa, Tallapoosa, and
~Savannahl rivers. The increase of 84,000 in the appropriation for tha

coming fiscal year will enable the Chief Signal Officer to establish nine
additional river stations in Alabama and Georgia, and possibly one or
two at important points on the upper tributaries of the Ohio, which
riveris the most important in its bearings upon the great and recurring
floods which bring such disaster to the central and lower Mississippi
‘alleys., Even with the establishment of these additional statiouns,
there is situated below Saint Louis, Cincinnati, Chattanooga, and
Nashville, a drainage area of overone hundred thousand square miles,
whose waters pass Cairo without this office, under the present svstem,
-being able to determine their amount in advaice,
Professor Russell has investigated the river data of the past w'Lr
" with'a view to predicting stages of water by systematic method. The
results of his investigations regarding the Ohio River, which is t;he
great flood g.\tlwlel, appear in Appendix No. 0.

He strongly urges an additional appropriation of 4,000 for the pur-
Pose of gauging the Ohio River at various points. In no other way
will it be possible to accurately determine the effect upon the river
Produaced by any given raintall in any given drainage basin.

-The great event of the year, in connection with the river service,
was the flood of Mareh, April, and May in the lower Mississippi valley.
The warnin gs issued in advance of these very dostructive floods
were ample as to time, beneficial as to results, and, in all, most credit-

. able to Professor Russell’s judgment. As early as March 1, 1890, a
warning bulletin was issued to the public, setting forth that the river
“at Vicksburg would by March 14th rise to forty-nino feet, a point which .
approximates the highest water that ever prevailed. On March 15th,
one day later than was forecast, the Mississippi River attained at
VICksburg a height within twelve inches of that predicted, and would
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dovbiiess have reached the point forecast buf for crevasses above
Vicksburg. On March 12th a general flood warning was issued, stat-’
ing that the lower Mississippi valley would be inundated by a flood
closely approximating the greatest overflow that bad ever occurred,
and all parties interested were warned to secure movable property

above the highest flood stages known in the various localities. Similar

special and urgent bulletins were issued on the a7th of March and
April 7, 1890, which warnings were amply confirmed by the excessive
and disastrous floods which followed. Despite the cuormnous areas
(aggregating nearly a quarter of a willion square miles), over whieh
the rainfall had to be estimated, the flood predictions of this year,
relative to the Mississippi, attained an accuracy approximate to the
flood forecasts for the Seine at Paris, France. 1t must be remembered,
however, that the predictions for Paris pertain to a drainage basin of
only twenty thousand square miles, while those for the lower Missis-
sippi covered over onc and a quarter million square miles. Again,
predictions for Paris are three days in advance, while those for certain
'portions of the Mississippi were made from seven to fourteen days
prior to the dangerous and destructive stages. The data available
in the Scine drainage basin is about ten times as much as those which
obtain in the drainage area above Cincinnati, which drainage area is
four times greater than that of the Seine. With the establishment of
a small number of additional stations and a proper investigation of the
river outflow in relation to gauge readings, Professor Russell expresses
the opinion that as accurate predictions three days in advance could
be made for Cincinnati as are now made at Paris.

HURRICANE REPORTS.

The Chief Signal Officer regrets to say that the weather reports from
the West Indies, resumed in 1889, through the courtesy and energy of
Mr. Lais E. Carbonuelly, Director of the Naval Observatory at Havaua,
Cuba, have not been as regular and full as could be desired. The
service was largely voluntary, and the failure in this respect is in no
way due to Mr. Carbonnelly, whose energy and interest in this work
continue nnabated. The Chief Signal Ofticer deemed it necessary,
however, to take steps calceulated to secure the prompt receipt, during
the hurricane season at least, of reliable reports from observers in the
West Indies at four of the most important points formerly occupied
Dby this Service. Near the end of the fiscal year, the Chief Signal
Officer was happily assured of the valuable co-operation ot the Secre-
tary of State, from whom assurances have been received that the
United States consular officers at these points will take an active in-
terest in securing veliable and faithful observers. Such other steps
bave been taken as will insure in this and coming seasons the receipt
of these invaluable reports.

TFather Benito Viies, S. J., Havana, Cnba, has continued to furnish,

<
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at an expense to this office for telegrams only, his opinions und predic-
tions relative to the position and the probable advance of hurricanes.
The Chief Signal Officer is pleased to be abla to acknowledge the
ability and zeal of Father Vifies, who has always, ireely and gratuit- -
ously, placed his valuable services at the disposal of this office.

WEATHER MAPS.

The methods of dissemination of meteorological information, whether
in the shape of forecasts, semi-daily charts, regular or special bulle-
tins, are, in the order of importance, as follows: 1st, through the Asso-
ciated Press and other press organizations; 2d, through the metropoli-
tan newspapers; 3d, by distribution from selected service stations, by
telephone, special messenger or mail; 4th, by telegraph to the super-
intendents of important railways, who in turn distribute them by tele-
graph to their operators that they may be posted for the public bene-
fit; and 5th, by telegraplh to voluntary stations displaying weather
signals. _

During the past few years the relations of the Weather Bureaun to
the general public have materially changed, and, happily, in a direction
Indicating not only.the interest of the American people in this work,
but also that characteristically high degree of intelligence which has en-
abled hundreds of thousands to acquire rapidly and incidentally a cursory
knowledge of the principles of weather forecasting, a science which
was for a long time assumed to be beyond the ken of ordinary folk.
In the early years of the existeuce of this Bureau forecasts were re-
ceived with a disposition to implicitconfidence and a lenieney of judg-
ment, which, fortunately for the future of meteorology, no longer ex-
ist. In noting the remarkable advances made by the general public
in knowledge of meteorology, the Chief Signal Officer has attempted
to supplement that indispensable adjunct as a means of information—
the press of the country—by disseminating in graphic and simple man-
ner the detailed meteorological information colleeted by this Bureau.
In undertaking this work it was early evident to the Chief Signal
Officer that the legitimate demands of the public, with the present
limited force and appropriations, could ounly be met by improved
methods of duplication, and by a most economical administration. A
bolicy was adopted, wherein liberality in some directions and restriction
N others have been combined as far ag possible. Officers and observers
‘have been invariably enjoived in distributing these maps to avoid.
Carefully any encouragement of the idea that these maps could be had
by every applicant. The Chief Signal Officer believed that if the cir-
Culation of these maps was stimnlated, such course would eventually
Prove not only an embarrassment to the Service, but a decided injury
0 it; as it was evident that at an early period the maps issued to’
barties who originally sought them for curiosity or a transient personal
Interest, would; when a genuine interest had been awakened, be neces-
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sarxly discontinued.in order to supply tbe growing demands of con-
siderable bodies of the general public: The methods followed in their
preparation aund issue are (lescub(,d in detail in the report of the Sta-
tlom Officer, Appendix No.

The rule was adopted of 1enul.nl\ dlsph\mg the 8a. m. and 8 p. m.
maps, posted in neat and appropriate frames-furnished by this Bureau,
at every post-office in towns of considerable size which could be reached
by letter mail in seasonable time from the great railway centres of the
country, such as Atlanta, Boston, Chicago, Cincinnati, Galv (,stou,
Harrisburg, Kansas City, Louisville, Nashville, New Orleans, New

" York City, Philadelphia, Saint Louis, Saint Paul, and Sioux City. In
addition to displays thus made in prominent post-offices, these daily
charts are distributed gratuitously to boards of trade, chambers of

‘commerce, prominent elubs, posted in the principal public buildings,
and also at such establishments as from the character of their business

“would largely profit by them, or, as from their locatiou, are frequented
by a considerable number of the general public.

There haye also been frequent applications, which have always beon
favorably considered, for weather charts by professors and instructors
in colleges and high schools of the country, where they have been used
as current and striking illustrations of nature’s forces, which thus im-
press upon the youth of the nation the importance of intelligent study
of physical phenomena. In some schools daily weather forecasts have
been regularly made, based on the dati of current charts, so that the
minds of the pupils haye been moré strietly impressed with this sub-
Ject than conld have been otherwise possible. The use of weather
maps as supplementary text-books has neither been local nor limited,
as is evident from the fact that during an Appropriate part of the s(,hool
scason these charts have been uwulm)\ and gratuitously fnrnished at

-89 stations to 130 colleges, schools, and edueational institutions.

The demands for daily weather charts have inereased to a remark-
able extent, and their use for general display and in public institutions
is 80 great that ouly in rare and exeeptional cases has this Bureau
found it possible to issus these maps gratuitously, despite the fact that
hundreds have applied for them. In 218 cases where the interests of
the public service have prevented the Chief Signal Officer from issu-
ing them for personal reasons, the parties have deemed them of suffi-
cient importance to ask for them under Section 227, R. S., authorizing
their sale, and to pay the subscription price of 2 cents per copy.

The astonishing growthof the Service in this respect, though strictly

- healthy and in no way fictitiously fostered, is evidenced by the follow-
ing statement showing the copies of weather maps issued :

) 1886-"87 1887-'88 1888-'89 1889-'90
At Washington City....... . 126,000 117,750 175,000 , 193,140
At other stations ....ooiiviveeenieninn 52,248 274,411 683,047 876,394

i
Total svreveeneerereeeererirenenns 178,248 392,161 858,047, 1,000,534
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It will be noted that the increase in the issue of these suaps a’ Wih-
ington City, the central office, has been 53 per cen:. in the pas' iour
Ee“n‘s, an increase which corresponds closely to the general increase
in the general work of the Bureau for the same period, being about 11
per cent. annually. But outside of Washington City it is remarked
that the number of maps issued bas increased from 52,248 in the fiscal
‘year ending June 30, 1887, to 876,394 in the fiscal year ending June
30, 1890, or nearly seventeen times as many in 1890 as in 1887. As
indicating the change in distribution, it appears that the relation of
maps issued at stations outside of Washington City to the whole issue
has increased from 35 per cent. in 1837 to 82 per cent. in 1890,

WEATHER SIGNALS.

| .

There were 1,018 points, not within timely reach of maps by mail,
supplied with telegraphic forecasts and warnings at Government ex-
bense at the end of the year; the displaymen continuing, as before, '
to furnish the flags, pay for the delivery of the telegrams, and make
the display of the signals for the public beuefit without expense to this
Service, thus furnishing- conclusive evidence of the value generally
attached to these displays.

REVIEW DIVISION.

The Monthly Weather Roview has been regularly published. Itnot

ouly serves the legal purpose of tabulating the current observations
80 ax to enable the oflicials of this Service to preserve and discuss the
Ineteorological data from month to month in connection with the euar-
rent work of the Service, but it also answers as the means of acknowl-
edging and preserving the observations of the voluuteer meteorol-
Ogists of tho country, who receive no other return.
" In addition to the regular meteorological data, the Review contains
descriptive accounts of the West India hurricane of September 3 to
12, 1889, the tornadoes of March 27, 1890, and an annual mean sum-
Wary of the climatological econditions of the United States, for 1889,
a8 regards pressure, rainfall, temperature, and winds. '

This office has also continued, as in the interest not only of the
world in general but of the meteorological work of the United States,
the task of tabulating and charting such metcorological data as are
Teceived from international co-operating services and observers, and
a8 show the monthly and annual mean pressures, and wind 101ce and
direction.

WEATHHER CROP BULLETIN.

The Weather Crop Bulletin of the Signal Service has been regularly
Issued during the year, this being a monthly publication during the
Winter months and a weekly bulletin during the growing season from

arch 1st to October 1st. This bulletin contains a weekly summary of
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the teu perature and rainfall, based upon reports from telegraphic sta-
tions, and a comparison of the same with the normal conditions per-
taining to the current week, and also for the entire season {rom Jaunuary
1st to the date of issue. It also contains general remarks, based upen
telegrams forwarded {rom the central stations of state services, as to
the effect of week’s weather upon the growing crops. These telegrams
are based upon reports received from numerous observers throughout
the state, submitted in time to reach the state centre by Saturday
morning; 80 that the weekly bulletin presents a reliable summary of
the meteorological conditions and the effect of the same upon the prin-
cipal crops.throughout the agricyltural regions of the United States.
This bulletin is also accompanied by a tabular statement containing
the data upon which it is based. Both are issued and mailed on Satur-
day night in time to reach the principal commercial centres before the
beginuing of trade on Monday morning., This general bulletin is
locally supplemented by the weelkly bulletins issued by the state weather
services, each service preparing its bulletin, based upon mail reports.

"There is no feature of’ this Service which has met with such univer-
sal favor, and been so highly valued, as the Weather Crop Bal-
letin. Tt has been commended by hoards of trade in the wheat and
cotton regions; it is regularly telegraphed as an item of news by the
press assogiations; is very extensively published by the principal jour-
nals of the conutry, and is also cabled regularly to Europe. Consid-
ered in connection with the local state bulleting, it places before .

-the people of the country, at weekly intervals, a reliable statement as to
current and seasonal weather conditions, whether normal or abnormal,
and as to the effect and extent of such weather conditions on the staple
crops. This informnation has been extensively and advantageously
used by both producers and dealers, and its date ot issue, Suturday,
places both on an equal footing. Thelocal crop bulletins are exchanged
and each board of trade is also supplied with all state bulletins through-
out the cotton region, for the bencfit of its members.

There are also prepared, from the data of the Weather Crop Bulle-
tin, charts graphically representing the excess or deficiency of tem-
perature and rainfall throughout the United States. These charts,
prepared weekly, are supplied to the Superintendent of the Marine
Hospital Service, who includes them, with a tabular statement, in the
weekly abstract of sanitary reports issued by the Marine Hospital
Service. The first issue of these charts occurred on April 11, 1890,
and they have been continned without interruption since that date.
They present the conditions of temperature and moisture in such a
form as to render it possible to readily study these conditions in their
relations to such special diseases as prevail over any extensive area.

FOREIGN WEATHER SERVICES.

The co-operation of the Chief Signal Officer with Professor Mascart,

'
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Director of the Central Meteorological Office, Paris, France, has con-
tinued throughout the year. Kach night a cablegram is sent to Pro--
fessor Mascart, at Paris, summarizing the synchronous meteorological
obiservations, gales, derelicts, and dangevous ice of the western At-
lantic for the previous five days, together with the current weather
conditions of the United States. This information is highly appre-
ciated by the Central Meteorological Office of France, which utilizes
it for making its own forceasts, and is also valued by all shipmasters,
who profit by early and detailed information as to fogs, ice-fields, and
wreeks, whereby their western courses from England and France may
- be made with greater safety and speed. The Chief Signal Officer ac-
knowledges the continued hearty co-operation of the Hydrographer of
the Navy, under whose orders valuable ocean data have been regularly
furnished this Burcau. Credit is also due to the ¢ New York Herald”
ocean weather service for similar voluutary meteorological data.

\

STATE WEATHER SERVICES.

Captain H. H. C. Dunwoody, 4th Artillery, Signal Officer, hag re-
mained in charge of the duties pertaining to State Weather Services
and meteorologienl societies co-operating with the Signal Service; his
detailed report forms Appendix No. 8. There are at present twenty-
eight services, covering thirty-three states—the jurisdiction of the
New England Meteorological Society including six; ten services have
been organized by legislative enactment and receive support from

. 8tate governments. : ,

The Chief Signal Officer has continued towards these services &
policy of liberal and hearty co-operation. He has always refrained
most carefully from any eflort to influence the line of work of these
organizations, since he realizes that the state and National Services work ,
under differing conditions, though on either parallel or couverginglines
of research. The able administration and high scientific standing of
directors in charge of state services are matters of congratulation.
They conduct the affairs of their own organizations after their own
policy, without intruded suggestions. )

There are 26 observers of this Bureau performing duty in counection
with state services; and in selecting men for this important work
8pecial endeavor has been made to detail observers of liberal educa-
tion and with extended meteorological experience.

The assistance rendered to the local services by the detail of ‘Signal
Service observers as assistants to the directors has been recognized as
an important feature of the co-ope rating work of this Bureau with the
State services, as it brings to the aid of the directors men whose edu-
cation and experience qualify them not only to render valuable assist-
ance in selecting stations and instructing observers, but also in tabu-
lating the data and in preparing the reports. ‘ '

The Chief Signal Officer appreciates the importance of these services -

11945 siG—=2
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10 the Jifleront states, in concentrating and applying to the benefit of
loeal i - -rests climatic data pertaining to their immediate section of
the conntrey. The value of these organizations has been acknowledged
and made evident, particularly in New England, New York, Pennsyl-
‘vania, and "Michigan, where these services have published valuable
data at their own ¢xpense.  In some cases these publications have set
forth the mormal climatic conditions, and in others have appeared
special memoirs on subjects pertaining to general meteorology, which
investigations cannot fail to be of value to the country at large and to
the National Service in particular. .

1t appears cvident, however, to tlie Chief Signal .Officer that a
sharper line than now exists must be drawn relative to state services
aided by the National Service, and in consequence he has decided to
withdraw aid, after January 1, 1891, from such services as are unable
to print for the benefit of their state the observations accumulated and
tabulated by the Signal Service assistants.  As has been stated in a
previous report, state services, which are ouly branches of the National
Service, must be of limited utility.

NTATIONS DIVISION.

- The meteorologicin-l force throughout the country has remained under .
the direct supervision of 2d Lieutenant James Mitchell, Signal Corps,
whose report forms Appendix No. 7.. Lieutenant Mitchell’s long and
practical experience in the detuils of work performed at the local offices,

-and his knowledge of the personnel of the Service, have rendered his
administration of station duties most satistactory. His report contains
matters of importance and interest bearing on the work done, the
methods followed, and the various changes made in the directions of
economy and eflicieney.

Until 1883 there was only one first-class meteorological station under
control of the Chief Signal Officer. On June 30, 1890, there were
twenty-six such signal stations in the United Stutes, at which the most
important meteorological phenomena are now continuously recorded
by means of self-registering instruments, TFive hundred meteorological

_stations of all classes were in operation on June 30, 1890; of these, 144
are meteorological stations taking two or more observations daily; 34
auxiliary meteorological stations taking a daily observation; 15 repair
stations on United States military telegraph lines; 73 special wind
display stations; 72 speciul river stations; 46 special rainfall stations ;
114 cotton-region stations; and 2 state weather service stations. At
all these stations, except those for the display of wind signals, in ad-
dition to various other duties (such as operating or repairing telegraph
lines, the observing of river heights, or the performance of duties in
connection with state weather services) the observers also record
daily the amount of rainfall and the maximum and minimum tempera-
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tures. The special duties performed at these stations are set forth in-
detail in Appendix No. 7.

RECORDS DIVISION.

The very valuable reports of 2d Lieutenant William A. Glassford,
Signal Corps, who has been in chargé of the Records Division duung
the greater part of the year, form AppendixesNos. 9 to 17.

The enormous extent of country covered by the voluntary : and regu-
lar reports of the Signal Service, and the complicated inter-relations of
the various meteorological and climatological data, combine to make
the proper collation of these data, iu their bearings upon industrial,
commercial, and other questions, a subject of great difficulty. Every
. effort is being made on the part of this Bureau to utilize in the public .

interest the vast amount of meteorological data which bave accumu-
lated during the past nineteen years; and it is hoped that the arraunge-
ment will soon be so complete and comprehensive as to permit the
speedy application of observed facts to the solution of any climatic
Question in which the publiec interests, or any considerable number of
the American people, are concerned.

Meteorological reports to be valuable must be correct, not only in
observation, but in reduction and tabulation. It isonly within the past
two years, however, that the data used in current publications have
been rigidly examined prior to their dissemination. The pressing de-
mand for early publication has in prior years been the proffered excuse
for the non-examination of current meteorological reports, but the sys-
tematic methods introduced at the central office in late years practi-
cally established the soundness of the theory that the examination of
slata prior to current use consumed no more time or effort than a sim-
lar examination atter publication, and really in the end involves less
]‘dbor, since in subsequent careful investigations errors have to be.
eliminated and corrections duly made. This work of examination is a
tagk of no light magnitude, since more than 10,000 reports are received
and scanned monthly. .

The standard of accuracy among the regular observers in the Signal
Seljvice is very high, and it is gratifying to report that during the past
Year there has been a decrease of about 15 per cent. in the number of
errors fonnd ‘in the more important forms. The publication of com-
Iendutory notices of the most skilled and accurdte observers, and the
Censuring of those who fall below a certain standard of efficiency, have

“Contributed to this marked improvement.

The important labor of systematic arrangement of the loose reports,
and the proper assemblage in bound volumes of the wmore important,
has been continued as opportunity offered. About 100,000 of such
forms ang reports have been appropriately arranged, bound in 757
v(’lume‘;, and indexed during tbe year. A systematic assemblage of

he most valuable bound and unbound records in the fire. proof vault,
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provided for by Congress for that purpose, has been attempted during
the year. Unfortunately further work in this direction is impractica-
ble, owing to lack of suitable shelving. The temporary wooden shelves,
constructed before the vault could be occupied, have proved insufficient
" in quantity and faulty in construction. A cousiderable number of the
shelves have broken down upon the records below, necessitating tempo-
rary and insufficient expedionts in connection therewith, It appears
evident that a fire-proof vanlt for important public records should be
fitted up with metal shelving, and a necessary appropriation therefor
‘of $2,800 has been incorporated in the estimates for the contingent ex-
peuses of this Service. Until proper shelf roow is obtained it is impos-
sible to re-arrange or change the capacity of any single shelf without
removing the contents of a whole section and practically rebuilding it,

There have been 588 demands upou this office for meteorological in-
formation during the year, which have been acceded to, while the Chief
Signal Officer has been obliged to refuse other applicants who desired
extended data beyond the power of the cnrrent force to furnish, or refer
them to the incomplete ofticial reports for the past nineteen years.

In special instances, where the transcripts were of an extended char-
acter and wholly in private interests, excerpts have been made, out of
office hours, at the rate of forty cents an hour, and at the expense
of the parties to be benefited. There have been 20 such transcripts,
involving the sum of $37.40. The Chief Signal Officer views such paid
work with disfavor, but since these transcripts could not be furnished
in regular hours without interfering with regular work, has reluctantly
deemed it best to allow such work in special cases. :

The transcripts furnished are not only used as evidence in courts,
for publication with matters of public interest, and for scientific re-
search, but have been put to practical use in connection with commer-
‘cial enterprises, and utilized in connection with medical and other
professional matters of decided economic importance. - Among the
valuable and suggested lines of investigation may be mentioned that
ably discussed by Mr. Edward Atkinson, of the New England Cotton
Manufacturing Association, October 30, 1889, bearing upon the pre-
dominating influence which the relative humidity of the country exer-
cises on the successful operation of cotton manufactures. A similar
line of inquiry, with respect to conditions of temperature and relative
humidity needful for tho successful production of flax and hemp, was
instituted at the request of the Hon. R. M. La Follette, M. C., member
of the Ways and Means Committee of the lHouse of Representatives,
These researches illustrate the important relation of climatological con-
ditiouns to the wealth and prosperity of this continent. In these days
of stimulated production and excessive competition local climatological
peculiarities may prove a source of prosperity, or when accurately deter-
mined, may, under unfavorable conditions, be hardly less beneficial in
forecasting and avoiding disasters, which in either case would flow
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from the prosecution of enterprises, industries, or cultivation peculiarly
suited to, or unfitted for, the region in question. Detailed inquiries,
relative to climatic conditions for purposes above stated, and as to their
salubrity orinsalubrity relative to certain diseases, are frequently made
of this Bureau. Ioubtless some applications are due to the fact that
climatic data pertaining to health resorts throughout the country have
naturally a biased coloring, arising from the treatment of climate from
a local rather than from a general standpoint, so that in case of contlict-
ing claims the ofticial records of this oftice are sought in confirmation.

The importance of accurate information as to local climatic condi-
tions is of value to many invalids of the country, but the benefit is.
particularly great to the poorer classes, who can ill spare the expense
of travelling, not to mention the impairment of health and strength
while in search for climatic conditions conducive to their restoration.:

The most important compilation made by this division, apart from

the preparation of current data for discussion and publication, has
been the report of the Chief Signal Officer to the United States Senate,
made in answer to a resolution dated April 22, 1890, on the climate of
the State of Nebraska.
_ At the end of the year, the Records Division was engaged in an ex-
tensive report on the climatology of the arid region, in answer to the
resolution of the House of Representatives dated May 23, 1890, which
it is hoped will be submitted at an early day.

Attention is invited to the resumé by Licutenant Glassford in his re-
port, of the work done and progress made in meteorological records
since the first system of regular and continuous observations in the
United States was instituted at the suggestion of Surgeon General
Ruggles of the Army in 1819. In all meteorological systems of this
country the Army of the United States has been the pioneer in work
of meteorological observation, and, from whatever standpoint the
Question is viewod, the (u,cumul.ltcd data resulting from the careful
and devoted labors of ofticers and men at hundreds of isolated military
posts form a compreheusive network, filled in by the reports of the
intelligent voluntary observers of the country, which for some years
to come must be accepted as the groundwork of American meteorology

The Chief Signal Officer has pleasure in acknowledging the continued
valuable co-operation of the Medical Departinent of the Army, which
has furnished regular reports from 119 military posts, situated in iso-
lated and sparsely-settled 1e;,i0ns where meteorological data are most
scanty. This number represents an increase of twenty-four over the
preceding year, and as to their reliability, it is proper to state that
under the present careful and interested supervision of the Surgeon Gen-
eral of the Army the reports from the Medieal Department are of &
higher order of accuracy than ever before and show, as a rule, great
care on the part of the medical officers in charge.

As part of Lieutenant Glassford’s report appears a list showing the
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number of voluntary and other co-operating observers in the different
states and territories, aggregating 1,924 on June 30, 1890,

It gives the Chief Signal Officer pleasure to note the fidelity of action
and generous spirit of scientific co-operation shown by the voluntary
observers, both men and women, who daily, for many years, give
gratuitously their time and attention to the recording of facts which
increase the sum of human kunowledge. The Chief Signal Officer has
recognized as far as possible on his part, in an inadequate way, how-
ever, the labors of the voluntary observers, by regularly sending to
them the ¢ Monthly Weather Review’’ and his annual reports.

An erroneous idea occasionally appears to the effect that these local
observations benefit wholly the Weather Bureau and that on them the
forecasts of the weather are made. The fact, however, is that these
reports are received from one to three weeks after the end of the month
to which they pertain, and that their value is almost entirely climato-
logical-—that is, they are of value in enabling this office to chart, for
the benetit of the whole country, more accurately and fully the exist-
ing rainfall and temperature conditions. Ultimately the data from
voluntary observers, when collated and published by this Bureau, are
of decided benefit to the regions to which they pertain, this being es.
pecially -applicable to the traps-Mississippi country. These reports
enable this office to put before all interested in agricultural operations,
charts and tables indicating with great accuracy the dutes of the first
. and last killing frosts, the first and last snows, length and severity of
winters, frequency of cold waves, and the duration and intensity of
droughts and heated terms. Climatological data, systematically col-
lated, are of marked benefit to the department of medicine, and it re-
dounds to the benefit of the section concerned by attracting thereto
that class of invalids, or semi-invalids, whose physical conditions aye -
such as to render a special climate necessary for their health apq
strength. ‘L'he fostering of local observations in the interest of medi.
cine obtains in the states of Michigan, Tennessee, and Colorado, wheye
the study of climate as affecting health has been prosecuted in 4 Sys-
tematic manner, especially in the state first named, under Dr. Heyyy
B. Baker. The value of local observations is especially evident to
corporations planning traffic lines or enterprises of extensive seale, in
what may be called the comparatively unknown sections of the United
States. In these matters the probability of extreme weather, as well
as the average conditions, is often knowledge of marked value. In
more limited areas local climatic records are important factors, espe-
cially in matters of rainfall in limited catchment areas, which may
affect public works, not vnly when canals, storage reservoirs, or irriga.
tion ditches are in question, but also sewers, drains, and other sanitary
engineering works essential to the health of great cities.

The Chief Signal Officer especially acknowledges the courteous co-
operation of the Hydrographic Office of the U. S. Navy Department;
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of the Geological Survey of the Interior Department; of the oflicers of,
the Ceutral and Southern Tacific railways, .and of the ¢ New York
Herald”” weather service. Xrom the Geological Survey has been re-
ceived an average of forty-eight raintall reports, principally from
Arizona, Colorado, and New Mexico, made by the observers of that
survey, in connection with the irrigation projects in the arid regions.
From the Hydrographic Office has been received an average of 327 re-
ports each month, but, owing to the change of vessols and commanders,
these reports pertain to 892 different vessels. From the “ New York
Herald ” service, whose valuable co-oporation is especially recognized,
this Bureau has received a monthly average of 45 reports made by
captains of 123 different vessels. :

Tor the past twenty years the Central and Sonthern Pacifie railways
have made monthly observations of temperature and precipitation, and
Since 1877 have furnished them to this oflice. The foresight and en-
terprise exhibited by the officers of these roads have resulted in the ac-
cumulation of data which make the sections through which the lines
pass better known climatologically than any other parts of the country
west of the 100th meridian. These reports have been regularly fur-
nished through the past year from 188 stations. It is evident that the
comparatively small outlay by the Central Paecific Railway in 1870 for
thermometers and rain-ganges has been a most profitable investment.
Not ouly have exact weather and temperature data enabled the com-
pany to successfully resist unwarranted claims for damage aud demur-
rage, but such data have placed the intelligent managers in a position
to forecast and forestall disastrous weather couditions in some instances
and to take advantage of favorable conditions in other cases.

As will appear from Licutenant Glassford’s report, the co-operatiou
of voluntary observers is not sectional; there being no’ state or terri-
tory from which this office does not receive datu. The largest num-
bers received monthly are from Colorado, 207; Michigan, 106; and
Kansas, 102.

In cases where such action has been necessary to secure volunt:'lrv ro-
ports, instruments, such as rain-gauge, exposed thermowmeter, and max-
mum and minimum thermometers, have been issued to observers, who
give a personal bond to the office for the proper preservation and return
of the instruments when called for, and who agree to make regular re-
ports of the temperature and rainfall. The occasions have been rare’in
which the observer has not carefully and conscientiously complied with
the terms imposed. The distribution of these instruments has largely
been in the trans-Mississippi country, the greatest number issued be-
ing as follows: in Texas, 143; California, 161—in all, 1,871 thermome-
ters and rain-gauges have l)(,en issued, nearly one-half, or 882 during
the past year.

The preparation of a card index of the stations in the United-States
at which meteorological observations have ever been taken, has becn
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continued as opportunity offered throughout the vear. When finished
these indices will afford an accurate and comprehensive history of all
climatic observations ever made in this country. The number of cards
now prepared is 4,304 ; the grand total will exceed 6,300,
Supplementary to the card catalogue, there is now Leing compiled
an index for cach state of all observations ever made within that
state, the intention Leing to prepare a sufficient number of these in-
diees, by the milliograph process, for distribution to the Signal Ser-
vice observers serving at the most prominent station in respective
states, Thus far 61 pages of the index have been completed, embrae-
ing the following states and territories: Alabama, Alaska, Arizona,
Arkansas, California, Colorado, Towa, Louisiana, Minnesota, Missouri,
Nebraska, Nevada, New Mexico, Utah, and Wisconsin. The indices
for the whole cquntry will be finished during the fiscal year of 1891,

INSTRUMENT DIVISION.

Assistant Professor Charles . Marvin, in Appendix No, 18, veports
upon matters bearing on the instruments of this Service, whether re-
lating to their supply, exposure, repair, or correctnesy.,

It is due to Professor Marvin to say that the geuneral standards of
instrumental correctness have steadily improved, and the equipment
of the meteorological stations of this Service is now ut the highest
point of exccllence, and as a whole is second to no meteorological
service extant. Careful supervision has been exercised over instru-
ments in use, and the various stations have a completeness of equip-
ment and a uniformity of exposwre never before obtained in this
Service. The great advantage of continnous records of wind, temper-
ature, rain, suiishine, aud atmospheric pressure, by automatic or other
method, has been fully recognized by the scientific world, he United
States has been hitherto derelict in this respect as to jgg nieteorologi-
cal stations. The Chiel’ Signal Officer has the past yeay given his
personal attention to this matter, and under Professor Marvin's Sys-
tematic labors and investigation the signal oflices of the United States
soon bid fair to be unequalled, as a whole, in the number, simplicity,
and satisfactory workings of their self-registering instruments.
Until 1888 there was in this Service only one city (Washington)
equipped with self-registering iustruments, but at the date of this re-
port twenty-five of the most important meteorological stations in the
country are now Ist-order stations, having automatic instraments of
precision.  Steps are being taken to fully equip twenty-five additional
stations, at which two or move self-registering meteorological instra-
ments are now in position.

- The self-registering records of pressure, temperature, rainfall, the
direction and velocity of the wind are not allowed to depend alone
upoun the records of the automatic iustruments, however periect they are
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considered, but are regularly checked by at least semi.daily eye read-
ings of the standard instruments. ‘

Improvements and modifications in the manufacture, exposure, and
management of varions instruments, and the special devices adopted,
are noted in Professor Marvin’s report. Among other improvements
introduced at some of the important stations of the country are the
furnishing of suitable eases for the protection of mercurial barometers,
and of instrnment stands specially devised with reference to the proper
setting up and convenient management of self-recording instruments.
Important improvements have been madein the combination-exposure
of wind-vanes and anemometers.

Tn connection with the West Indies’ meteorological reports, which are
of special valne during the hurricane season, international comparisons
were made of the Cuban barometers, throngh Benito Vifies, S. J., and
Capt. L. . Carbonnelly, of Havana, with a substandard of this Service
observed by Sergeant Boyer. From the result of these comparisons
it appears that the Cuban baremeters are slightly lower than the
United States standard, which reads 0.006 inch (0.16 millimeter) higher
than that of the Royal College of Belen, under B. Viiies, S. J., and
0.007 inch (0.18 millimeter) higher than that of the Naval Observatory,
under the supervision of Captain Carbonnelly.

As a general rule the instraments and supplies of” this Service have
been purchased, under the contract method, {rom the lowest bidder.
Unsatisfactory results have often occurred from the operation of this
system, especially in the construction of new and complicated instru-
ments, aud the purchase of special supplies wherein excellence of
quality ave essential to success. Many of these difficulties have been
overcome by purchase of instruments on sample, but in other cases the
office, in order to insure successtul records, has been obliged to pur-
chase in open market. ,

The Chief Signal Officer again acknowledges the indebtedness of this
office to the Postmaster-General, who has issued such orders as insure
not only the prompt transmission of current reports and maps by mail,,
but also the safe transportation of thermometers, barometers, self-reg- -
isters, and other fragile instruments which could not be sent by express
without incmrring a large proportion of breakages or injuries.’ It is
due to the Superintendent of the Railway Postal Service to say that
through his instructions, snpplemented by the intelligent care of the
railway postal clerks, shipmeuts of delicate instruments the past year
have been made with great safety, and but few breakages have oceurred.

Lack of office force and of space has compelled the Chief Signal
Officor to decline to compare thermometers or barometers with the
standards of this Service, except in special cases, such as for other
Departments of the Government or for scientific observers interested
in special investigations. It is believed, however, that it should be a
part of the work of this Service to compare, either gratuitously or for a
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nominal sum, all meteorological instruments which may be presented
for such parpose. .

The rigid system of thermometric comparisons, initiated hy Profes-
sor Russell and continued by Professor Marvin, has had n'ut.onlv the
ultimate result of insuring the essential correctness of the iustrun.mnts
used by this Service, but has also exercised a beneficial infiyence upon
all manufacturers of the highest grade thermometers in the United
States, whose skill in producing a large number of instruments with
trifling errors of graduation, rarely exceeding throughont their range
half a degree I'ahrenheit, may be considered most remarkable par
ticularly-in view of the attendant difficulties. ’

In secaring accurate results from se]l'»registeriug instruments, not

only mnst the instrmments themselves be of the highegt Nf;”,d;“-(], but
great care and patient attention must be given to the (:01‘1'ectne.’es of
time intervals, and to other rulings of the various printed forms used
in connection with such instroments.
.' The work 01.' re-m.'r:mging smn[.)lvs‘ of u-ll‘ Self-l'egistel-ing instruments
in the possession ol the Bureau, in & speeial room of the central office
so as to give visitors u general idea of the classes of apparatus used
for meteorological work, has been pursued as far ag means and acc;)m-
modations would permit. Not only instrumeuts iy clli'x'exlt use, but
those formerly in vogue, have been thus set up ip g con 'enie[;t ;)x'der
80 as to afford interested visitors a practical illustratiop of recognize;l
methods and typical metorological instruments, '

THE PUBLICATIONS DIVISION,

The technical preparation and distribution of the weather maps and
other publications of this office pertain to the Publications 1)iv{g{(,,,
the report whereof appears as Appendix No. 19, D

An improvement in the addressing of publicationg has been made
during the year by adopting the plans followeq by private corp('n-u-
tions throughout the country. The adoption of priuted ;1.(1(11:(3\“30q has
resulted not only in a saving of time and labor in majline thek;e\vel.‘.l‘l
‘publications, but by the greater accuracy hay insure(i, theiAr 'ln‘();'e
speedy and safe delivery. As far as they are applicable, business
methods pursued in large newspaper establishments are f‘o]l(’)weé.

THIE LIBRARY.

Mr. Oliver L. Fassig has remained in charge of the Library, which
now countains nearly 12,000 volumes, exclusive of Pamphlets. ’1‘1,(’3 polic,
of exclusively confining purchases to strictly professiona] Imblication{
has been rigidly adhered to. The Library has been mue), j"‘[)x;ove(i.
in convenience of arrangement and appearance, and for the first time
in many years the library books of this office are upon l_éhel\,es and q(;
arranged as to be easily accessible and to render proper care ];Ossib]kq

“The General Bibliography of Meteorology,” which as compl et;(;(i
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up to 1882 coutained about 50,000 independent titles, has been supple-
mented largely during the year by Mr. Fassig and his able assistant,
iMr. Harold E. Hilton, who, unfortunately for this work, died in July
last. In order to insure the safety.of this bibliography, which has
cost so much time and effort, both on the part of co-operating inter-
national meteorologists and ot the employés of this Bureau, the Chief
Signal Officer has during the past yvear caused the titles b(, iring on
moisture to be typewritten in lithographic ink, from which a limited
number of copies have been made. The Chief Signal Ofticer in pre-
vious reports has not oulv set forth the great practical-value of this
bibliography, but has also dwelt upon the propriety of publishing it
in full, and ho again renews his recommendation that it be printed by
authority of (Jongresa at a cost not exceeding $10,000.  Cogent rea-
sons for this action have been several times set forth in preceding
annual reports.
ACCOUNTS DIVISION.

The disbursements for purchases and for services rendered in con-
neetion with the Signal Service have been most faithinlly and efficiently
made by Captain Robert Craig, A. Q. M., whose report forms Appendix
No. 20. The intimate knowledge of the details of this Service pos-
sessed by Captain Craig have tended to decrease the heavy burden of
care and responsibility which would have inevitably devolved upon
the Chiof Signal Officer, had the duty fallen to a disbursing officer un-
familiar with the special work of this Burean.

In Captain Craig’s report will be found the list of contracts made
during the fiseal year, submitted in accordance with the Act of Con-
gress approved April 21, 1808; also the condition of the appropria-
tions, with expenditures, b.\lauce\, and probable demands, as required
by the Act of Congress approved May 20, 1820.

There have been deposited in the Treasury, as required by law,
$614.65 received from tho sales of 457 miles of abandoued telegraph -
line; the sum of 8544.88 on account of condemned property sold at
public auction, and also the sum of £338.95 received from the sales of
publications, inder the act approved May 30, 1874, section 227, Re- -
vised Statutes, which latter sum accrued to the credit of the appro-
priation for ¢ Qbservation and report of storms.”

The money accounts of the Disbursing Officer have been thrice in-
spected, and the balance verified by an officer of the Inspector General’s
Department, during the fiseal year.

The satisfactory state and prompt settlement of the money affairs of
this Service is illustrated by the tact that out of 10,491 accounts, grow-
ing out of the various appropriations during the year, there remained
on June 30, 1890, only twenty-one accounts unsettled in the office of
the Chief ngnal Oﬁ]cer excluding cighteen bills of the Western Union
Telegraph Company, which are in dispute as regar ds the rates fixed.
by the Postmaster General,
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On July 1, 1889, an important reform went into operation, under a
provision in the appropriation act approved March 2, 1889, wheréby it
was directed that the pay and allowances of the enlisted men of the
Signal Corps be disbursed in one check by the Disbursing Officer of
this Bureau. This legislation corrected the business evil which for so
many years prevailed, wherein cach man in the Signal Corps received
his monthly pay in three different checks, based on three sets of dupli-
cate vouchers, and paid by three different officers and at different times
of the mouth; a method which enormously inereased the labor and
records, and often delayed the final payment for weeks after the month
ended. The new method reduces the labor and records by 80 per cent.,
and ‘insvres to all subordinates prompt and immediate payment, a con-
sideration of especial importance to men of small salaries. The new
system has worked to the ntmost satisfaction, and, for the first time
in the history of the Signal Corps, the monthly compensation of the
enlisted men has been mailed to them on the very day when the pay
was due. Payments to all the men in the Signal Corps, whet-he‘r
serving in Arizona or New York, are made by check, and ag indicating
the certainty of the method, it should be mentioned that in the past

_year 3,571 checks have been mailed to the men of the Corps, and only
one check misecarried.

The Chief Signal Officer invites attention to the well-grounded
complaint of the Disbursing Officer regarding the rendition of money
accounts, in which the accounting officers of the Treasury have, during
the year, insisted upon, and in which this Bureau hag strietly followed
the requirements ot the law, i. e., that these money accoun.ts shall be
rendered promptly at the end of the month. This Bureayu has strictly
followed these requirements, but it is proper to invite attention to the
fact that notwithstanding the prompt transmission of the accounts of
the Disbursing Officer of this Service, they are allowed to accumulate
in the Treasury Departiment for many months without examination.
While doubtless this condition of affuirs depends upon the limited and
insufficient force in the anditing divisions of the Treasury, yet this
situation is neither fair to the Disbursing Officer nor just to the Gov-
ernment. Long delays in adjustments tend Lo increase the dificalties
of the Government in obtaining satisfactory vouchers, and likewise
augment the difficulties ot the Disbursing Officer in rectifying omissions
in case of imperfect vouchers,

The forins in use in the Accounts and other Divisjons have been
carefully examined with a view to simplifying the business methods.
As a result, the nn;nber of forms have been reduced from 536 to 192,
with direct advantage and considerable cconomy to the Government,

Another important change in the business methods of the Accounts
Division is the introduction of the card system of letters received.
This has been in operation for the past year, and has not only saved
considerable time and labor in the original handling and recording of
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letters, but under this system lettors referved to are much more expe-
ditiously located.
LESTIMATES,

Notwithstanding the establishment, under special appropriation, by
Congress of two stations, involving an annual increase of $5,000 in the
appropriations, the estimates for the fiscal year of 1892 aggregate for
the Signal Corps of the Army and the Weather Bureau the sum of
$337,917. These estimates show a decreaso of $11,355.50 as compared’
with the total estimates for the fiscal year of 1891, and « decreaSe of
$258,506.36 since the year in which the present Chicf Signal Officer
assumed charge of the Bureau. This is also a reduction of $75,105.60
as compared with the total amount appropriated for the year ending
June 30, 1888.

In view, however, of the Act of Congress approved this date, it will
be necessary to divide these estimates, and incorporate such as pertain
to the Signal Corps of tha Army with those for other parts of the mili-
tary establishment, while those fov the Weather Bureau will need re-
vision by the Honorable the Secretary of Agriculture.

THE EXAMINER’S DIVISION.

Appendix No. 21 consists of the report of this division, on which
devolves the final adjudication of property accountability for all officers
of the Army responsible for signal stores, as well for tho entire Signal
Corps, including under this head all civilian employés; and also with
the examination, and transmission to the Auditors of the Treasury
Department, of money accounts pertaining to the Signal Service,
whether appropriated by Congress or for funds received as tolls for
transmission of messages over United States telegraph lines. Also
the examination and adjudication of all money accounts pertaining to
funds received by Signal Servico telegraph operators in trast for the
commercial telegraph lines connecting with the lines owned and oper-
ated by the United States devolves on this examiner.

The zeal and application of the clerks of this division have been
such that, for the first time in the history of the Signal Service, cur-
rent work is up to date, tho preliminary examination of all property
returns received to June 30, 1890, having been completed, while all
but three money accounts-current had received critical scrutiny.

BRANCIH SIGNAL OFFICES.

Lieutenant J. . Maxfield, Signal Corps, has remained in charge of
the Branch Signal Office at San Franeisco, Oalifornia, where he has
regularly made daily forecasts of the weather and temperature for the
Pacific coast region. His report forms Appendix No. 22. '

Lientenant Maxfield’s work has been of a most satisfactory character
and his successful forecasts have risen steadily and gradually from a
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percentage of 78.3 in 1886-’87 to 85.2 for 1889-"90. Special warning
of rain for the benefit of raisin growers, which warnings Lieutenan
Maxfield has been able to give with great accuracy, were sent out dur
ing the raisin-drying season and were the meuaus of saving large quan
tities of raisins from damage from the unusually early rains of the year
The following officers of the Signal Corps have also been in charge
of meteorological stations, which from their importance and loeatior
merited the supervision of an official of high standing: 2d Lien
" tendnt R. B. Watkins, at Cincinnati, Obio; 2d Lieutenant T. M. M.
Beall, at Chicago, Nllinois; 2d Lieutenant F. R. Day, at Saint Louis,
Ml\\Olll‘ s and 2d Lloututant 1¢, W. Ellis, at Gal\'eqton, Texas. The
coudmous of the Service have improved very materially at Chicago
and Saint Louis during the past year, due to the active and intelligent
supervision of Lieutenants Beall and Day-

EXHIBIT AT THE PARIS EXPOSITION.

Sergeant Park Morrill, Signal Corps, was detailed in charge of the
exhibit at the Paris L).pO.lelOll of 1889, and bis report forms Appen-
dix No. 23. In preparing for this exposition there were no funds at
the disposal of the Chief Signal Officer for incidental expenses, and
. the decision to prepare an exhibit was made at a very late day. Un-
der the circumnstances it was possible only to show in a limited man-
qer the methods followed and the work done by the United States Sig-
nal Service Bureau. The Chief Signal Officer decided, howcver, to
confine his display to those points in which the United States especi-
ally differs from foreign meteorological services. The most essential
points are the fulness, number, and variety of publications showing
current data, gratuitous issues in the public interests, and unequalied
speed of collation and distribution.

The display consisted of samples of the ter- and semi-daily weather
maps, of the monthly charts of pressure, temperature, rainfall, pre-
vailing winds, and storm-tracks—which appear monthly in the
Weather Review-——and such special charts as also are published on
appropriate and critical oceasions, as charts of first killing frosts, last
killing frosts, amount of suowfall on ground at end of month, and
others of & similar character; also the original charts setting forth the
climatic conditions of the Umted States for each month of the year,
as deduced from 18 year’s observations of rainfall and temperature,
and such other special climatic charts as have been prepared from
time to time for public distribution in the United States.

The instruments exhibited were confined to those of Ameno,m
invention, which from their simplicity and accuracy were thought to be
comparable with the work of first-class instrument makers abroad.

1t appears from Sergeant Morrill’s report that the Daily Weather
Map excited special interest, and was considered to be much superior
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to any similar chart published by other weather services, whether in
relation to the amount of data given, the area covered, the size of
may, or the technical reproduction of the data thereon.

The exhibits were entered under Class 8, Scientific Ixpeditious,
under whieh appeared the results and records of the Lady Franklin
Bay Expedition; Class 15, Instruments of precision; and Class 16,
Maps and Charts.

Sergeant Morrill took especial pains to lay before the international
juries data setting forth the extended work of the Signal Service,
the wize of its organization, the great scope of its duties, its systema-
tized methods of collection, and the facility and liberality of its
methods in the dittusion of meteovological information.

It is gratitying to report that no other extiibit of’ the United bt(ttes
Government. received higher recognition, except that of the Depart-
ment of Agriculture, which was a collective exhibit, involving a large
outlay of money and much labor. The Signal Serviee display received
three grand prizes from the Exposition, to which should be fairly
added a fourth prize, that for the Lady Tranklin Bay Ixpedition,
which was awarded in the name of the Secretary of War, upon whom
the genoral supervision of the expedition devolved, and in whose name
it was organized.

The Chief Signal Officer has much pleasure in inviting the attention
of the Secretary of War to the energy, skill, and success with which
Sergeant Morrill supervised this ereditable display and secured its
proper recognition. In addition to.his labors in counection with the
Exposition, Sergeant Morrill was fortunate enough to secure for Pro-
fegsor Cleveland Abbe, of this office, & decoration of the Legion of
Honor, the formal a.(,(,(,ptd.nw of which Congress has been asked to
authorize. i

PUBILIC QUARTERS.

In the interest of economy and in order to secure @ more officient
‘service, recommendation was made that the public buildings and
grounds at the corner of 24th and M streets, in which the Signal Office is
located, so far as their care and preservation were concerned, be placed
under the supervision of the superintendent of the State, War, and
Navy Department building. This recommendation being approved
by the Honorable Secretary of War, Chief Engincer Thom William-
son, U. S. Navy, Superintendeut of the State, War, and Navy
Department building, was detailed for that duty on October 3, 1889, and
the necessary foree was transferred to him for heating and guarding
the premises. During the year just passed, Congress appropriated the
sum of 89,500 for enlarging the heating facilities, increasing the drain-
age, and for such other repairs as might be required to preserve the
main and annex buildings. The disbursciment of this suin was placed
under the control of Chief Engineer Thom Williamson, U. S. Navy,
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assisted by Chief Tngineer David Smith, under whose direction it has
been most judiciously expended. The repairs have not been com-
pleted, but are progressing as rapidly as first-class workmanship will
permit.

The Chief Signal Officer, for want of technical knowledge, even
conld time been spared from important duties, could not have secured,
for the amount of money appropriated, the quality and quantity of the
work which has been so successfully accomplished by Chief Engineers
Williamson and Smith, and he decems it proper to express his high
appreciation of the very eflicient manner in which the worl has been
done under the divection of these two officers.

SCIENTIFIC RESEARCII.

The advancement of meteorology as a science and the increased acen-
racy in observations depend, in many instances, upon original investi-
gations of new subjects or along improved lines of research, and this
important work has received every attention circumstances permit. At
no time in the history of the Service has the intellectual activity rela-
tive to the duties of the Burcau been greater than daring the past year.

In view of his long service and vast expericnce in the work of this
Burean, and of his standing as a member of the National Academy of
Sciences, Professor Cleveland Abbe has been intrusted with questions
of scientific research with a view to the better prediction of stovms.
The Chief Signal Oflicer alluded to the ¢ 1’1'0]):11'at0ry Studies for De-
ductive Methods in Storm and Weather Predictions,” prepared by
Professor Abbe, in his lagt anunal report, and expressed the hope that
these investigations might be of great practical as well as theorctical
value. The absence of Professor Abbe, at the request of the Honor-
able Sccretary of the Navy, as meteorologist to the United States
Seientific Expedition to the West Coust ot Africa, hag prevented further
work of this character, and at the end of the fiscal year Profossor
Abbe had not returned to duty in this office, nor had he been able to
practically test the accuracy of his ¢ Deductive Methods.”?

Captain Allen has submitted a paper, Appendix No. 24, the result of
long and careful investigation, which it is hoped will have an important
effect in improving forecasts as to rain, bearing, as the memoir does,
on the relation of the dew-point to the subsequent movement of the
storm-centre and the extent of the accompanying rain area.

Captain Dunwoody’s investigations are incorporated in the Monthly
Weather Review, which bas been prepared under his supervision for
nine months in the year.

Lientenant Finley has prepared special studies in relation to tor-
nadoes, and also storm-tracks, fog, and ice tracks of the north Atlan-
tic Ocean, and hurricane-track charts of the Gualt of Mexico. These
important contributions have been published, with the permission of
the Chief Signal Officer, as private ventures,
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The .Lctxve part taken by atmospheric moisture in the formation and
dovelopment of storms makes its accurate measurement of great im-
portance. In 1885 the dew-point and relative humidity tables of the
Service were revised upon the basis of a large number of careful ex-
periments, confined, however, alnost wholly to temperatures above the
Areezing point. The very low temperatures occurring cach winter ab
many stations of this Service reuder an extension of these tables in
this direction very necessary. The work, in addition to a comparison
of the psychrometer and dew-point apparatus, involved also an inde-
pendent defermination of the maximum pressure of aqueons vapor at
these low temperatures.  These investigations necessitated the verifi-
cation and extension ot the elaborate and remarkable work done in
" this direction by Regnault nearly fifty years since, and it conseyquently
required 4 thorough knowledge of physies, skill in Iaboratory experi-
ments, and unnisual deftness of wmanipulation.  The Chiel Signal Officer
entrusted this important work to Professor C. IF. Marvin, who was
somewhat embarrassed in his delicate experiments by want of suitable
convenicnees and instruments, and the inability to have the necessary
special apparatus made by skilled instrument makers. Professor
Marvin was obliged not only to make delicate apparatas himself, but
to go over and improve upon the methods of his predecessors, and to
devise means and wmethods for overcoming difliculties previously
viewed as insuperable.

Professor H. A. Hazen was detailed tompm arily as assistant to
Professor Marvin in these investigations and in connection with thiem
proceeded to northwestern Minnesota in order that the observations
might be made in the extreme natural cold of winter in that region,
while Professor Marvin continued his laboratory experiments in the
central office.  While in Minnesota Professor Hazen supplemented his
work of vapor pressures hy making valuable sets of comparisons be-
tween values of the dew-point obtained by psychrometrical observa-
tions with those obtained by direet observations of the Regnault dew-
point apparatus. The results obtained were most satisfactory, and
during the presant year Professor Marvin will verify and complete this
important work. The outcome so far shows slight but systematie
rariations from the values given by Regnault. An account of these
original investigations will be found in the report of the Instrument
Division, Appendix No. 18. '

The Chief Signal Ofticer deems it proper to acknowledge the courte-
ous co-operation of Professor W. W, Payune, of Carleton College, Min-
nesota, who kindly placed his laboratory at the disposal of’ Professor
Hazen during his experimental work.

An investigation, perhaps more important from its practical bear-
ings, was also undertakon by Professor Marvin involving the acenrate
determination of thoe velocity of the wind and more particularly its ac-
tual pressare during its more \'wlent gusts,

11945 s16——3
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The studies previously made of the accurate measurement of wind
movements were continued by extended comparisons of different ane-
mometers, the results of which have been reduced to a new and more
accurate formula than that heretofore used. The difficulty and ex-
pense of making direct experiments at high velocities has limited the
work in this direction, but it is anticipated the investigation will he
extended in the future. The great practical importance to engincers§
and others of the amount of wind pressure corresponding to different
velocities, and the grave discrepancies in the results from diffevent
sources, led to a short series of experiments upon wind pressures made
in the high winds common to the station at the summit of Mount
Washington. The value of this investigation was the greater because
of the direct manner in which the problem was attacked, giving at
once the relation of pressures to observed velocities without regard to
the imperfect knowledge of the true anemometer formula. These in-
vestigations are of such importance in connection with the current
work of this Service that they are incorporated in this report as Ap-
pendix No. 25,

Lieutenant Glassford prepared a report on the climatic conditions of
the arid regions, which was submitted to the Committee on Irrigation
of the United States Senate, and also has devoted a portion of his
time to the preparation of a special paper on climatic conditions in
Arizona, which will form part of the data to be transmitted to Congress
under the resolution of the House of Representatives of May 23, 1890,

Impressed with the number and violence of destructive tornadoes
during the past year, the Chief Signal Officer believed it a timely duty
of this office, while investigating recent plienomena of thiy kind, to also
determine, as carefully as could be done from existing data, the aver-
age number of tornadoes in the United States, the area devasted by
them, the number of lives lost annually, and such other information as
might be of eurrent public interest. This work was intrusted to Pro-
fessor H. A. Hazen, who had given much time and attention to these
phenomena and had published, privately, several studies and memoirs
upoun the subject. A special paper on tornadoes, bearing directly on the
current work of the Service, issubmitted herewith as Appendix No. 26.

In investigating tornadoes, great difficulty was experienced in aceu-
rately determining property losses or loss of life, the difficulty result-
ing from exaggerated reports which are invariably spread over the
country in connection with public calamities of this kind., For instance,
the LouisviHe tornado of Mareh 27, 1890, was months later reported
by the public press to have caused a loss of 500 lives instead of 135—
the true number.  Professor Hazen divided the tornadoes into three
classes: first, violent storms causing destruction; third, the most se-
vere tornadoes, and placed in the second class all other known violent
storms.  ‘While there were about one thousand tornadoes, each, in
classes T and 2, causing the death of 1,071 people, an average of one
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person to two storms, and a loss of about $23,000,000 in property, yet
there were but 58 tornadoes of a very violent character, killing 755
beople and destroying property to the amount ot 11,894,700, an average
loss of 13 lives and over £200,000 of property to each storm of class 3.

Several methods of determining the average destructive area covered
by tornadoes were tested. In one case the result gives the relation
between the total area visited annually by violent storms of all classes
to the area of the stute, with the following result: In Alabama, one
8quare mile of limited destruction annually to each 7,866 square miles;
Arkansas, ono to 14,418 ; Georgia, one to 6,696; Illinois, one to 8,172;
Indiana, one to 6,210; Towa,one to 7,164; Kansas, one to 9,720; Michi-
gan, one to 18,396 ; Missouri, one to 6,336; Ohio, one to 4,554; Pénn-
8ylvania, one to 9,972; Wisconsin, one to 12,042, These figures, of
course, are not strictly comparable, especially when we consider the
State of Ohio, which has a very large number of intelligent voluntary
observers, on the onc hand, and Kansas, on the other, a state not
thickly settled in all sections.

Another plan followed was to cousider the area of destruction covered
i all well-studied and destructive tornadoes, and then apply that area
by wei ght to all violent storms of each state. The following table shows
the relative numbers: Alabama, one square mile of devastation or
severe destruction to each 480,600 square miles; Arkaunsas, one to
712,800; Georgia, one to 504,000; Illinois, one to 185,400; Indiana,
one to 330,000; Iowa, one to 432,000; Kausas, one to 436,500; Michi-
gan, one to 914,400 ; Missouri, one to 406,800; Ohio, one to 243,000;
Pennsylvania, one to 468,000; Wisconsin, one to 475,900. These re-
Sults are materially different from those first given and they appear
more satisfactory. Snch methods of comparing destroyed with un-
destroyed areas are, of course, incomplete and must be received with
cautioi.

It appears from these data that in no state may a destructive tornado
be expected oftener, on an average, than once in two years, and that
the area over which the total destruction can be expected is exceed-
ingly small even in the states most liable to these violent storms.
Professor Hazen’s figures regarding the relation of destruction by fire
to that of tornadoes are interesting, and worthy of consideration.

The Chief Signal Officer believes this matter of great public impor-
tance, and desires to impress upon the people at large how small are
the chances of personal injury or loss of property in this connection.

It is well settled, however, that in the last eighteen years the annual
death casualties from tornadoes average 102 annually. While this is
a8 large number, yet it does not appear to be as great as the death
casualty from lightning, since during the present year from March to
August, inclusive, there were 102 lives lost by lightning, and in com-
Piling this record the list is incomplete, especially as regards the
Southern States. 1t may be sately assumed that, dangerous as are
tornadoes, they are uot so destructive to life as thunder-storms,
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GENERAL REMARKS.

The Chief Signal Officer invites attention to the necessity of a re-
organization of the clerical force in the central office. IDespite the
fact that this Bureau is a technical one, necessitating on the part of
its clerks special knowledge and training, yet the average pay of
clerks in this Bureau is $133 below that of the average in the various
bureans of this Department and 887 below that of the bureau receiv-
ing the next higher order of pay. Two years since the cfticieney of
the clerks of the contral office equalled that of auy other bureau in
Washington, but the depletion of this office of its excellent men, by
direct transfer or resignation to accept appointments in other bureaus
of the Government, lllas gone steadily on, and their places have neces-
garily been filled by men far below the average standing of the Bureau.
Within two years this office has lost, by transfer or by resignation to
accept more lucrative appointments, 28 clerks, It naturally follows
that the efficiency of the Bureau has been materially impaired. The
‘reorganization can be aflected without expense to the Governmont by
cutting off the six copyists now receiving salaries of $600 or $720
annually and adding this ‘amount to the compensation of other clerks
as an inducement to them to remain in their present positions. More
work will be done by ten skilled than by even twelve unskilled clerks.

The Chief Signal Officer has before inivited attention to the fact that
with one exception the professors of this Service receive only $1,800
annually, the compensation of a fourth-class clerk. The duties of fore-
casting and of scientific investigation in connection witly the improve-
ment of this Service devolve more and mnore upon these professors, as
officers of the Army who have been employed in this work are being
displaced in carrying out the announced policy of Congress for a civil
administration of the Bureau. First-class work ean onl ¥ be expected .
from men receiving proper compensation.  In the opinion of the Chief
Signal Officer the assistant professors of thix office should receive not
less than $2,400 annually, and the full profssors $3,000, with an in-
crease of 8200 for every five years o’ employment. These salaries are
substantially the sume as those received by the officers of the Army
who have in the past performed this work. It must not be understood
that the Chiet Sigunal Officer believes these to be the highest salaries
that should be paid, for it is evident that if the professors in time be-
come very expert they should be paid in proportion to the value of their
services to the country, and receive the compensation now paid to the
senior professor of this Service, $4,000.

I am, very respectiully, your obedient servant,
A. W. GREELY,
Chief Signal Officer.
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APPENDIX 1.

REPORT OF TITE OFFICER IN CHARGE OF THE DIVISION OF MILITARY
NIGNALING.

SIGNAL OFFICE, WAR DEPARTMENT,
Washington, 1. (', July 31, 1890.

Sir: I have the honor to submit the following report of aftairs perfaining to the mili-
tary signaling division of the oflice for the year ending June 30, 1840, :

The very radical change mude last year in the signal code from the English to the
American Morse, instead of creating dissatisfaction among those skilled in the useof the
old code, has met with hearty approval on all sides. The pew code has been found as
easy to memorize and retain as the old, and nearly as simple in its practical application,
and the fact that, as it is the telegraph code of the country and a signalman can be made
of u telegrapher wherever found, has seemed to outweigh the natural objection to re-
linquishing the old and taking up the new.

In consideration of the general utility of a telegraph line, and because of the gatis-
factory manver in which a knowledge of the code could be obtained by practice over it,
the Secretary of War decided to permit the equipment of all posts throughout the Army
garrisoned by four or more companies with short practice telegraph lines and the neces-
sary instruments. In conseyuence, one hundred and seventy-eight sets of telegraph in-
struments, 23 milesof wire, and other material, such as connectors, insulators, brackets,
batteries, etc., have been supplied, and at several of the posts, at which telegraph oper-
ators of the service are stationed, these operators have, on recommendation of depart-
ment commanders, been directed to assist the acting signal officers in giving instruction.

TELEPHONES,

As mentioned in the previous report, the service is possessed of one hundred and nine
telephones which are distinctly the property of the United States, hut in the transaction
of the business on military telegraph lines and the equipment of rifle ranges, it has heen
found that many more instruments are needed. These can only be procured by rental
from the telephone company having the patent for thisinstrament. Theagrecment be-
tween the Government and this company as to rental is that, at an expense of $5, the
use of a single telephone may be had for ono year. There is also an agreement that, at
an expense of $25, & single instrument muay be reuted for its life, which practically
amounts to a purchase. In procuring the extra supply needed for the equipmwent of
posts, the amount of money available did not admit of the purchase outright (lile rental)
of a sufficient number to {ill requiremeonts and therefore the money was apportioned be-
tween annual rental and life reptal. Under this division forty-two iustruments have
been rented for life, and a sufficient number obtained by annual rental that the rifle-
ranges of the larger posts throughout the Army and including the departinent ranges
could be equipped and requisitions from artillery posts designated by the commanding
general filled in a great measure.

"The ficld telephone has been perfected during the year and will make for the Army a
most excellent equipment. The complete instrument comprises two telephones, two
transmitters, one-half mile of double canductor wire with knapsack, reel, and pouch for
carriage of the dry batteries and key. The equipment is readily portable and if a com-
plete set were furnished to each company in the servicc it would doubtless be applied
to most useful purposes, but unfortunately the equipmentis exceedingly expensive, cost-
ing in the neighborhood of $400, the telephones themselves absorbing but a quarter of
this sum, the greater partof the balance being taken up by the cost of the light, pliable,
strong, double conductor, by means of which alone it is possible to establish communica-
tion without the delays for special insulation or making ground. However, notwith-
standing ite great cost, it will undoubtedly be necessury to supply this equipment with-
out regard thereto in time of active service, aud although the Signal Corps now has one
complete equipment which would serve as u model for others, yet as considerable time
would elapse hefore the construction of similar ones could be completed, and also because
of the experience that will be gained by practice with it, it is believed that a small stock
of these equipwments should be procured,
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HELIOGRAPIS.

The Army is Bow pretty well equipped with service eliographs, all except the smaller
and less important posts having ut least two, and many of them old-pattern instruments
in addition, T'en of the new station heliographs have also been procured and furnished
to the Department of Arizona. Ixeept in respect to minor details, which are constantly
undergoing improvement, the instrument is practically perfected, and the character of
results which may De obtained by means of it is wellshown in the concerted practice ot
the Department of Arizona. The superiority of theservice instruments to those of other
make arises in part from the simplicity of our design and the care exercised in con-
struction,but is due more cspecially to the excellent guality of the mirrors.  Consider-
able difficulty bas been experiencest in procuring those that would meet the rigid test of
the office, but the result compared with that obtained from an indifferent mirror is
sufficientto warrant the increased labor and expense, our small field mirror giving a
brighter flash than that of the Mance with a much greater reflecting surface, a result
due solely to difference in guality.

A special screen devised by Captain Allen has been sent out to a few of the posts
most energetically engaged in heliographing, the necessity for a stronger device
having made itselt apparent. The principle upon which this screen is constructed is
rather more satisfactory than thatot the old, and it 18 hoped by means of it thut the
difficulties inherent in the old systemmay he nvm(‘ied,. but l? seems not improbable that
itsrapid and direct action will require some modification. The old screen is practically
a rectangular fan which plays to and fro npon one of its sides ay au axis. [t is evident
that the resistance of a strong wind will at times hecome troghlcso{ue, and experience
has shown that the leverage of the fan, althcugh apparently incousiderable, yet when
brought constantly into play during the transmissiol of 8 essaye, is sufficient to
eventunlly weaken the connection between the vulcanized fiberandits {rame, the small
screws heing insufficient to withstand the shock. In the Allen screen the bad effect of
the leverage and multiplied shocks iy overcome, the screen heing designed to cut rather
than fan. Experiments with a double-leaf screcn bave ulso been made, and a few of
this pattern have heen sent out. ‘The extensive heliograph practice in Arizona has also
produced thenatural result of stimulating the inventive gemus of those engaged in it,
the device of Captain Murray notably, which is somewhat similar to our double-leat’
screen, promising a satisfactory solution of the trouble.

CONCERTED HELIOGRAPH PRACTICE IN THE DEPARTMENT OF ARIZONA. |

The‘campaign of General Miles in 1856 brought the work of heliograph sigualing so
prominently to the front us an adjunct in Indian wartare that shortly after its close, in.
1887, Lieus. W. A. Glassiord, Signal Corps, thenstationed at Prescott, Ariz., unwilling
that the interest in this direction should be suilered to die out simply because imme-
dinte occasion for practical use for the heliograph had ceased, and seeing how desirable it
was that the Signal Office should be provided with information that would enable it to
quickly establish a complete system embracing not only the points covered in the Gero-
nimo campaign, but others which might beavailableasheliograph stationssupplemental
thereto, thig officer traveled extensively throughount the region mentioned, takingnotes
that would gnide in future operations. These he subsequently submitted to this office
accompanied by a mapdepictingtherelative positions of the bestpointsavailable as per-
manent stations. A copy of the reportand map were subsequently furnished the com-
manding officer, Department of Arizona.

After the relief of Lieutenant Glassford from duty in the Southwest; little interest was
taken in the matter till 1889, when Maj. W. J. Volkinar, assistant adjutant-general
an officer who, in his earlier scrvice, had taken much interest in the subject of signaliné
and who had not yet lost his vivid interest in practical matters, was assigned to duty as
chief signal officer of the Department of Arizona and conceived theidea of putting to the
test the practicability of covering the vital parts of his department with a system of
gtations manned by competent officers and men.

Having the full support of his immediate commander, which enabled him to bring to
his aid the resources of the department aud of the Chief Signal Officer, who placed at
his disposal the necessary equipmentsand instruinents, he was in position to make plans
on a large scale and earry them into practical execution, comprehending an extension
of the system previously operated. This was eflected through the energeticand intelli-
gent co-operation of the officers and men in the Department of Arizona.  Measures were
taken, through instructions published from headquarters, to cause extensive reconnais-
sances to be made for stations which would not only connect the various divisions and
form a general chain through Arizona and New Mexico, but would embrace outlying
garrisons and important points not on the main line.
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Most thorough reconnaissances were made; therugged country wasscoured by officers
and men from the various posts in the department, oftentimes under conditions of great
discomfort. Uunecessary intermedinte stations were eliminated and important new
ones ndded, the system of co-operation among officers in the field being such that they
Dot only located stations by magnetic bearings and by reference to woll known points,
ut sought out each other and often verified positions by flash.

The preliminary work was so thorough that the concerted practice following far ex-
ceeded in resulis anything heretotoro accomplished in this country, or any otherso farus
known. Two thousand miiles of lines were operated, and the distance of 75mules, which |
had previously ruled as the greatestrange, was exceeded by rangesof85s, 88, 95, and 125
miles, and a perfect network of communication was maintained for two weeks over i
country inconceivably rugred nnd broken, the stronghold of the Indians of that section.
The stations were manned by 33 officers and non-commissioned ofticers, and 129 operators,
and 3,755 messages wereexchanged, comprising 92,406 words. In factcomplete and sat-
islactory demonstration was made of the possibilities of the instrument, nnd the helio-
graph system of this important section definitely marked out and approved, 8o thut its
reoccupation in time of necessity is now mainly a question of trapsportation.

The following is  list of the ofticers participating:

Maj.  W. J. Volkmar, ussistant adjutant-general, chief signal officer, Department
of Arizona, in charge.

Lieut. J. A. Perry, Tenth Infantry, aid-de-camp, assistant.

Capt. C. H. Murray, Fourth Cavalry, superinteadent, Arizona system,

Licut. H. W. Hovey, Twenty-fourth Infantry, superintendent, New Mexico system.

e ——— e e e [ - e e e me

Officers in charge. ' Stations.
|
Lieut. 1. . Tyson, Ninth Infantry_..._._....__.._._._..._. Whipple Barrncks.
Licut. C. W. Fenton, Ninth Infantry. ._...o_...__.._.__...._ Bald Mountain.
Lieut. I'. DeW. Ramsey, Ninth Intantry_ ... ..o ... ' Fort Vorde.
Serat, A. J. Robinson, Ninth Infantry ... .. .. oo .. . Squaw Peak.

© Baker’s Butte.
Mnzatzal Peak.
: Mount Reno.

Lieul. (i. B. Duncan, Ninth Infantry. ...
L}eub. C. Overton, Fourth Cavalry ___._
Lient. B. Wittenmyer, Ninth Infantry ... .. ........ ..

:]LEeut.. W. A. Caumpbell, Ninth Infantry. ... ___.._.__.___.._..} Fort McDowell.
dent. C. Reichmapn, Twenty-fourth Infantry . ... 1 . Yonle
}@eut, G. E. Stockle, Tenth Calvalry .. .. __ ).' ............... J Lookout Peak,
Aeut. IR, 1), Read, jr., Tenth Cavalry .. ... _...__c.coo aooo Vo ! .
Lieat. 11. C. Keene,]jr., 'l‘wem-y-fbur{h Infantry . _..._.... } Pinal Mountains.
{:icut. W. T. Littebrant, Tenth Cavalry ... ... .. - Table Mountain.
seut, A, L. Dade, Tenth Cavalry . .. . ... 11 \

Lieut. M. R. Peterson, Tenth Infantry .o ... oo . ji Mount Grabam.
Lient. J. M. Neall, Fourth Cavalry ... | Bowie Ieak.
Sergt, 15, M. Griffin, Fourth Cavalry_ ... . _____._..._..._._.| Stein’s Peuk.
Lgent. . H. Albright, Ninth Infantry. . . Fourr’s.

é:leut. W, H. Hart, Fourth Cavalry________ ____ . ... ; I'ort Huachuea.
Sergt, 1”. Bartsch, Fourth Cavalry..__ .. ___ ... ... . 1! N
C(')rpl. L. . Gouldman, FFourth Cavalry } Colorado Peak.
L}eub. G. 1. G. Gale, FFourth Cavalry .___._ e . ‘ Fort Lowell.,
L}eut. C. D. Rhodes, Sixth Cavalvy - ..o e, ' Camp ilenely,
L}Gut. William Black, Twenty-fourth Intantry. oo o ... .. | Fort Bayard.
L)eut,. J. D. Leitceh, Twenty-iourth Infantry . _. . _____.__._. I Fort Cummings,
Sgrgt-. 1. J. Dolsen, Sixth Cavalvy ... oo i Rincon.

]qeut. R. B. Paddock, Sixth Cavalry ___. .. .. ____. ___.4__.‘ San Audreas,
L}eut. A. W, Brewster, Tenth Infantry.____.__.________. ... © Sierra Blanca.
Lieut. J. J. Pershing, Sixth Cavalry_____. ._.___..__._.____...! Fort Stanton.

Many interestiniz reports relating to the practice bave heen received and will soon be
Publighed in pumphlet form with map showing the location of stations, ete.  These, be-
8ides setting forth in an entertaining mauner the operations of the line, give mueh in-
f?rmn.tion which i3 ot special value to this office as bearing directly upon the construc-
tion and improvement of instruments and articles of the equipment.
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MISCELLANEOUS.

During the year 257 requisitions for signal equipments and stores have been received.
In filling these reference has been had to the consolidated Department reports of needs
at the various posts, the surplus at some of them, and the material rendered available
by the abandonment of others. With managewent, most of the important requisitions
have been filled, but the more liberal appropriations for the present year will enable the
division to consider its estimates with much greater regard for the interest of the service
than was possible under the paring and clipping methods heretofore necessary,

In the rendition of returns by acting signal oflicers, many inappropriate forms, the
legacy of war times and more cumbersome iethods, were found to be in use. It was
very obvious that an improvement in this direction could easily be made, and the assign-
ment of a board of officers, by the War Department, to the task of revising the forms ot
all the bureaus, gave the opportunity for dispensing with some and remodeling, consoli-
dating, and substituting others, and in consequence, instead of the necessity for select-
ing from the hundreds of forms used by this Bureau filteen or twenty of such as seem
to have a bexring in a military way, although in some instances originally designed per-
haps for other uses, it was found possible to comprise in seven forms everything ade-
quate for the care of property, reporting of instruction, etc. One of these forms, the
new message blank, is worthy of mention. It is 8o designed that compliance with, the
requirements indicated upon it will, in a great measure, if not entirely, avoid the com-
plications experienced during the late war from lack of precision in recording times.
places, and circumstances connected with the sendingand receipt of important dis?mt,ches:

The forms now in use and the ullowance of stationery are designated in the following

ipstructions.

[Tastructions No. 1.] S1GNAL OFFICE, WAR DREPARTMENT
1 . - B L)
Washington, January 2, 1890.

I.—The reports and returns required from acting signal officers ¢ , i
are reuderedg)n blank forms I‘urnlishe(l by this oflice. inder the regulations

Such forms will be supplied on proper requisitions as they may be required, and the
annual allowance, under ordinary circumstances, will be: !

Eight forms No. 1 A, Return of Signal Property.

Eight forms No. 2 A, Invoice of Signal Equipments and Stores Transferred

Eight Forms No. 3 A, Receipt for Signal Equipments and Stores Tmnsl'erre;i

Eight forms No. 4 A, Certilicate of Signal Stores ILxpended. )

Four forms No. 5 A, Special Requisition for Signal Equipments and Stores

Twelve forms No. 7 A, Report of' Instruction and Practice in Military Sigl'mlin v

(Forms No. 6 A, Message Blanks, are supplied with the stationery. ) &

1I.—Stationery, varying in yuantity with the strength of the command, as set forth
in the accompanying table, will be supplied without requisition to acting q'i rnr{l ofticer
at military posts on the 1st day of January and the 1st day of July of eulc}% );cur ers

g
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_ The new blanks designed for the complete and accurate record of dispatches are bound
in puckages ol 50 in such manner as to be readily detachable, 'The following is a copy
of this blank: '

[Front.] [ . [Back.]
{(Forx No.6 A.) [MEssAGE BLANK. |! INSTRUCTIONS.
WAR DEPARTMENT, SIGNAT Corps, U8 A, li 1. 'This blank will be used for field messages,

" hoth seut and received, In time of active opera-
Station,........ I

Duto. tions cxactduplicatesof all importantdispatches

[' will bo taken by means ot earbon puper.

o2 ’l‘hulm-.n(ling;)pemlor will enter 'name;)f his

v . ol - et || sfation, date. number sent, time of receipt of mes-

No. sent, | Check, | No.rec'd, li sage, time sent, by whom sent, and check {(number

- : .ot w)ordu or groups of cipher in body of mes-

3 1 ange).

Timesent, ! Time rec'd, | 3 To transmit a messuge the operator wiil

. L . . | sond—1st, nwmber of message and ‘‘call letter’
R I of sending station; 2(1,opa'nlor‘speraonatsignal;

Sent by ‘ Rec'd by | 3d, the check; 4th, place from and date; bth, ad-
| dressin full; 6th, period (nddress complete); 7th,

e e nsemmeme ommeocometie ool body of anessuge; 8th, Sig. (signature tollows);

Underscore mode of communication: Tele- i' 9th, signature.
J
i

x Telepl s. Flag, Torch, Heliog e 4. The receiving operator will add to the mes-
:‘crﬁf),]bofrfe“r,mm . Flag, Torch, Heliograph, Lan sayo received tho month, date, and year, and omit

" the abbreviantion “8ig..”’ and, after satisfying

(l’iet-c-é ) N . himself that the check and number of words in
('lin;le) i body of mesasagoe porrcspond, will give *OK,”
To ’ , follswed by his initials or personal signal. He

" will then enter nume of his station, date, number
& received, thne received, and by whom received.

5. Oflicial and militury messages have prece-
denceon the Government telegraphlines. Com-
I tunications transmitted by telegraph orsignals
- arealwuaysconfidential,and will only berevealed
: ;Ool(;losc officially ontitled toreceivethew. A, R,

760.

‘Tbe following is the new form of instruction and practice in military signaling
adopted by the Army board:

WAR DEPARTMENT, SIGNAL Corps, U. S. A.
sin the Department of

Eeport of Instruction and Practice in Military Signaling at

———, during the month of y 18—
bse | T5 T ewarks
om and enlisted men wader ] 3 Number of llxioun;) of field | © Rlewarks,
cers e 2. R
instruction. g 2 | practice ,8 (Inthiscolumwn will
28 |-—- _ | [ bo noted reasons
= i .. for chnngesinthe
— & | Day practice. Night practice.| detail, practical
f,E — . H iusr:a made ofl. nmlli
ofHe T n genoral, a
Rank end name. C‘:—?';T,l:&::nd E: gl Holio-| o Lon- | €3 | matiers of inter-
& © |88 Flag. | graph. forch.| y | &5 estrelativetosig:
. 7, BT ] naling.)
(Sign here.) —— ——,
4.8, 0.
(Indorsed:) (Form No.7 A.) Report of instruction and practice in military signaling at in

the Department of during the month of . 18—, To be rendered to the Chief Signal
Officer, through depuartment communders, at tho close of each practice month, ns required by A,
R. 1761.)

« Preliminary instruction will he given in the alphabetund conventional signals, method of open=
ing communication, transmitting and recording messages, duties of signal-men at terminal and
intermediate stations, use of cipher disk, composition, method of adjustment, and use of the field-
glass, telescope, and heliograph, and practice with wand at high rate.

b Practice with flag, toreh, heliograph, and flash-luntern should begin at short range between
terminal stativns in both sundiu{; and recciving; terminal stations should thon be located 8o as Lo
require the use of one orwmore htermediato stations, and thereafter the distance ahould, as pro-
flolenoy is aoquired, be increased until suoh range ig attained as to necesitate the tnost cureful uses
of the telescope.
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Duaring the year a practical demonstration ol a new means proposed for communicat-
ing between ships was witnessed. The device consists of a species of magic lantern by
which letters of enormous size are thrown upou the sails, words being spelled out with
considerable rapidity. The brightness of the letters depends ob the illuminating power
of the light used, their size being in proportion to the distance of the instrument from
the screen. A test of its utility for short distances was made between the Washington
Monument and Fort Myer, the letters being plainly vigible over this range. The appa-
ratas worked well, but is somewhat unhandy, aund the necessity for the use of a calcium
or other strong light involving the manipulation of gas; is decidedly against its being
adopted for general use. X i

A pair of French signal lanterns (the Mangin), a small foreign signal lantern for the
ase of first sergeants of companies, and a flash lantern of English make are now in pos-
session of the oftice. They huve heen overhauled and tested, but each was found
objectionable in ove or another respect, and to avoid the defective features, this service
has had two flash lanterns designed to not only replace the torch as a portable night
equipment, but to efect a considerable increase of rango and saving of manual Iabor.
These instruments were sent to the troops in the West for test, and while not wholly
‘satisfactory in mechanical details, it is believed they contain the germs of what will
eventually become the night signal equipment. . L

Eight models, sunilar to which it is probable, future supplies of field glasses will be
obtained, have been selected by 2 board of officers from 137 samples submitted by
dealers at home and abroad. These models necessarily vary in respect to relative
properties of power, ficld, light, and definition, but in their respective classes are good
representative instruments. Two of them are very superior. Recent reduction in the
cost of eluminium make it possible that a portion of the better glwzses to be supplied to
the Army cau be obtained in this metal, and the objectionable feature of weight will be
pearly eliminated. . \

The commanding general has authorized the detail of a signal oflicer to Fort Riley for
the purpose of giving instraction relative to the maintenance of communication by sig-
nals and the useof instruments and devices hy means of which it is accomplished. "It is
2 matter of congratulation that the facilities of a post and the services of a special officer
are made available, as not ouly will greater uniformity in instruction and practice result,
but it will be possible to more eltectively make practical test of the difterent parts of the
equipment now in the experimental stage, and to take better care of the larger and
more valuable articles of the field train, the necessity for soie action to this end being
only too apparent, the shed at Washington Barracks containing thelance trucks, battery
and wire wagons, and the portable tower affording only partial protection from sun and
rain, and being liable to inundation from the Potomac, the water at one time rising go
bigh that lances floated {rom the truck.

Valuable reports have been received during the year relative to sigoaling and kindred
gubjectanbroad. The number of books, pamphlets, reports, ete., bearing on these ques-
tions has grown to such proportions that to render their instant utilization practicable
the preparation of au index of subjects has been undertaken.

Instruction and practice in signaling was carried on at military posts under provision
of paragraph 1761, Army Regulations, From reports received the maximmum number of
‘officers under instruction during any cne mouth was 73 against 51 during the preceding
year, while that of enlisted men was 1,087 against715. and thesc ratios were maintained
for over five months.

This stimulus in instruction is due to the fact that to have acquired the new code is
o become possessed of an accomplishment valuable as well outside as in the Army, to
the erection of telegraph practice lines, to the fact that the charge of matters has been

laced within the hands of department commanders, and the Inspector General has em-
gmed the subject amoug those to be inquired inte by his department.

The character of requisitions received, the reports of inatruction and the request for
joformation show that interest in signaling has in no wise abated, if it has not actually
received more attention than formerly.

At Fort Monroe signal operations were conducted in connection with artillery practice,
the acting signal officer, Washington Barracks, reporting in connection with Batteries K
and L, Third Artillery, that the gervice rendered by the non-commissioned officers and
instructed privates in signaling and receiving messages by flag wns 80 efficient and exact
that it was found unnecessary to make use of theinstructed telegraphersin the batteries.
Angles were received at the observation bouse faster than they could be plotted, under
all conditions of weather, and with scarcely an error during the entire practice.

At Fort Adams a great deal of similar work was donoe during the target season.

‘At Fort McHenry, during the bombardment in September, communication was main-
tained daily bysignaling between the fort and the war-ships in the harbor, the meesages
being received and sent rapidly and accurafely.
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At Fort Wadsworth communication by heliograph was epened with Governor’s Island
in January.

At Platisburgh Barracks practice with telegraph instruments in the company amuse-
ment rooms is voluntary and attended with good results.

At Fort McPherson signaling by heliograph was had hetween the post and Kenesaw
Mountain, a distance of nearly 21 miles.

Several of the commands in the Department of Dakota (Forts Keogh, Assinniboipe,
Maginnis, Snelling) practiced while in summer camp, on the march, and during the,
maneuvres of the troops.

At Fort Yates the signal detachment was excused from reguliar company drill on days
of signal drill, and as a consequence took greut interest in the latter. The men were
allowed to take flags and heliographs to their quarters ench day after tho regular exer-
cises, and by the additional practice therehy obtained, they haveacquired a much greater
skill in signaling than they could have attained in the same ‘ime by the regular drills
only.

At Fort D. A. Russell the interest in telegraphy is so great that several of the men
have purchased instruments, efe., at their own expense.

At Camp Schofield the signal detail did signal work during the maneuvers.

At Fort Gibson great interest is shown in telegraphy, and ot Fort Ringgold practice
in this brunch is had by members of the signal class who volunteer.

. The troops in the Department of the Columbia had signal practice during the fall ma-
neuvers at Camp Umatilla, and rendered valuable assistauce in the field operations,
giving important information by signals of the onemy's position in the sham hattles.

At Fort Stanton heliograph practice was had in July at distance of 20 miles. )

At Fort Apache the signal class wns employed during September in the ficld, operat-
ing with troops on practice marches in the White Mountains. Communications were
established with all commands and detachmentsout; longest line worked, 40 to 45 miles.

At Fort McDowell holiograph stations were established during September in the Sierra
Queho and Mazatzal Mountains of the Tonto Basin. Mount Reno and Baker’s Butte
wers selected for communication between Iort Verde and San Carlos.  April 1 to 14 was
dovoted to constant tield work, including heliograph signaling and reconnaissance.
Greatest distance sigualed about 40 miles, {rom North Feak to the post.

At Whipple Barracks part of the signal detail was employed during September for
maintainiug communication by heliograph, flag, and torch between the post and two prac-
tice camps. From April 5 to 9 a detachment was employed in concerted practice with
the adjacent post, Iort Verde. The longest range was hetween Bald Mountain and’
Baker's Butte, a distance of 60 miles air line.

At Fort Marcy practice was had with o heliograph (2-inch mirror) at distances from
4 to 21 miles. 'The post has also a telegraph practice line constructed and maintained
at private expense.

The signal detail at Fort Bayard bad practice during November on all stations hetween
the post and Huachuca. During December communication was sucessfully established
with IFfort Stanton.

At Fort Mojave practice in military signaling is part of the daily routine. On the
night of May 20 communication was anceessiully established by torch with a detachment
of Company A, Ninth Intantry, in Black Range, a distance of 22 miles (the greatest range
attained with the torch of which there is any oflicial record).

The signal class at San Carlos was engaged during November 1n field work and em-
ployed in reconnaissances with & view to locating heliograph stations. Communication
was established with the post from the ‘I'riplets, Mount Turnbull, and Peint Glassford.
During DDecember messages were exchauged over a range of 109 miles with several in-
termediate stations.

At Fort Grant the interest taken in signaling is shown by the fact that men volun-
tarily go out and practice Sundays.

At Fort Huachuca messages were exchanged -during March with a signal party from
Fort Lowell, stationed on Colorado Peak, distance 50 miles.

At Fort Verde o through heliograph line was established during March with Whipple
Barracks. From April 5 to 9 stations on Baker’s Butte and Squaw PPeak were occupied, -
and communication establisbed with Lookout Peak, Mount lkeno, and Bald Mountain.

MILITIA.

Letters have been received during the year from officers or those interested in sigual
matters within the National Guard of the States of California, Indiana, Mussachusetts,
Michigan, New Jersey, New York, Ohio, Oregon, and Pennsylvania. A number of
these States and some designated in previous reports have carried their orgnnization and
practice to considerable perfection, and have not only made experimental dewmonstration
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of their ability to hold distant communication, but in some instances have made use of
their signal corps in execution -of maueuvers during their annual encampment. The
National Guard of New York appears to have made a success in thig direction, the assign-
ment of a regular officer to duty in connection with the troops of this State having
doubtless stinfulated activity. .

The details which have also been made of a_regular oflicer to similar duty with the
Ohio troops and of another with the militia of Pennsylvania will doubtless bear similar
fruit.

In consequence of the application of the governor of the latter State, Lieut. S. Reber,
Fourth Cavalry, has been assigned by the Sccretary of War to the eneampment of its
National Guard at Mount Gretna, whose special duty is to establish communication be-
tween the several headquarters in the camp and to illustmbe.the workings of the various
devices of this service and its advanced methods in communicating by night and day.
Flags, torches, lanterns, and heliographs have been supplied to illustrate the principle
of visual signaling, and line material and instruments and the field-telephone kit to
demoostrate the methods of establishing and maintaining electric communication.

Indiana has also taken steps looking to the-organization of a sigpal corps aud its
utilization during the annual encampment, the following order having been issued in
March: .
. * * * * * * *

**2. The commanding officers of the First, Secon(}, and Third Regiments of Infantry,
Indiana Legiou, will each detail a lieutenant as assistant sigual officer.

**8. The commanding officers of ¢ompanies will each detail one non-commissioned
officer and six privates for instruction in signaling; such company details must be filled
from those most proficient in drill and knowledge of military dut-ies, to be selected by a
public examination or drill: Provided, however, That wherever practicable at least one
man in each company detail shall be a practical telegrapher or electrician; such detail
for instruction shall not excuse any one from attendance at company drills or parades
or any other company duty.

‘“4, Previous to the annual encampment there shall be chosen in each regiment, from
those selected for instruction in signaling, one lieutenant and one non-commissioned
officer, and from each company one private, who shall comnpose the signal corps of said
regiment,

“g‘ 5. There shall also be selected by examinatiqn during the annual encampment, or
immediately preceding, « signal corps for the Indiana Legion, which shall be composed
of one lieutenant, two non-commissioned officers, and eighteen privates, the privates to
be selected equally from each regiment or battalion organization.

**6. The names of those detailed for instruction in signaling must be forwarded on or
hefore April 15, 1890, to the adjutant-general of the State of Indiuna, through the regu-
lar military channels.”’

* ¥ % * * * *

Relative to the furnishing ol equipments to the National Guard, it is g matter of much
regret that not only is this service without authority to issue, hut the attempt of various
States interested to secure legislation from the present Congress that wounld enable them
to purchase from the Government standard signal equimnents At cost price was unsuc-
‘cessful, and the only practicable method of putting signal equipments into the field with
State troops is through the assignment of a regular officer, who shall be responsible,

Very respecttully, your obedient servant,
R. E, THOMPSON,
First Licutenant, Sixth Infantry, Signat Ofiicer.
The CHIEF SIGNAY, OFFICKER,
U. 8. Army.
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APPENDIX 2.
REPORT OF THE OFFICER IN CIIARGE OF TELEGRAPH DIVISION.

SIGNAL OFFICE, WAR DEPARTMENT,
Wushington City, Junc 30, 1890,
Sir: The officer in charge has the honor to submit the following report regarding the
telegraph division for'the past fiscal year:

PERSONNEIL.

Second Lieut. James Mitchell, Signal Corps, signal officer, has continued in charge of
the divisiou, except during the month of July, when he wasabsent with leave, and the
duties were temporarily perforimed by Sccond Lieut. FPrank Greene, Signal Corps, signal
officer.

I'he force at this office, besides the oflicer in charge, consists of one sergeant of the
Signal Corps. and eight civilians. .

Mr. Robert Seyhoth, chicf elerk of the subdivision embracing the administration of
the military and sea-coast telegraph lines, has, as in former ycars, rendered excellent
service. His extensive knowledge of electricity as applied to telegraphic work, his past
experience and practical training as operator, repairman, and line constructor, his thor-
ough familiarity with (he details regarding the respective lines, the laws that govern
them, etc., and his good judzment, ability, and discretion, eminently fit him for the posi-
tion; and the present ofticer in charge takes pleasure in ncknowledging the value of, his
general services and tho excellent practical suggestions oflered in the interests of economy
and good administration on questions demanding executive action.

Sergeant J. H. Robinson Las continuedaschief operator. Healso isexcellently suited
to the position. Iis long practical training and experience as an operator in the line of
his profession; his familiarity with telegraph and telephone routes, customs, modes of
business, ete.; his knowledge of line construction, materialg, instruments, and batteries,
and above all his thorough acquaintauce with modes ot collecting and distributing
weather reportsund telegrams, both over military and sea-coast telegraphlinesand those of
commercial companies. in accordance with special agreements; his ripe knowledge of the
necessities of the service in connection; his good judgment, discretion, and quickness of
perception that often prompt to take ndvantage of modes of obtaining important reports
in times of line trouble, ete., and his ability as an accountant, render his services of
unusual value to the corps. His conduct and general management, hoth of the operat-
ing-room and the work committed to his charge, have been most satisfactory. N

The subordinate force of the operating-room consists of six civilian operators and one
battery man. [Four of the operittors were formerly enlisted men in the Signal Corps,
discharged in accordance with law when the oflice force, with a few exceptions, became
civilian, who served long and faithiully, and whose past experience and training in Sig-
nal Service methods render them the better fitted for their present work. The two .
others have been assigned during the year to replace men whoobtained transiers to other
‘Government bureaus, with a view to advancing their personal interests,

In addition to their regular duties, the operators are required to audit accounts for
telegruphic and telephonic services, which entails much labor and responsibility. These
duties bave been materially augmented during the past year, as the Western Union Tel-
egraph Company, which performs the greater partof the telegraph service, has officially
* mignified its intent not to accept the reduced rates for Government telegrams annually
fixed, in accordance with law, hy the honorable Postmaster-General, and it became ad-
visable, in order to prevent complications regarding the oxpenditure of appropriations
until a definite settlement is hadof the pendingquestion and to afterwards permit prompt
payment, to audit accounts, hoth in accordance with the new legal tariff and that which
formerly obtained.

The conduct und services of the operators have been excellent throughout the year.
In this connection the dual pature of their work and also its character deserve consid-
eration. Asoperatorsthey bandle importunt public telegrams, mainly regarding weather
reports, the majority in cipher, which require correctness of the highest order, rarely,
to their credit, making mistakes,and exhibiting great tactapd skill, especially in modes
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of expediting current work, both in the interests of this serviee and the public; for any
error or delay in handling telegrains would cause u corresponding delay in the issue of
the lorecasts to the country, and in the ordering of signals to torewarn of frosts, storms,
ete., and might thereby cause disaster, and often endanger lifo and property. As pc-
countants, they are charged with suditing bills for seitlement of telegraph and telephone
. services, and as the amounts to he paid range from $1,000 to $10,000 per mounth, the re-
sponsibility in connection must be obvious.

‘The battery man was assigned in that capacity on October 1, 1889, having been pre-
viously employed as a laborer. He has rendered good and faithful service, both in his
proper sphere, and also in the construction of office lines and in matters of general utility
relating to telegraph work. His conduct has been excellent und the perforraance of his
duty very satislactory. X .

The officer in charge considers it bis duty most reﬁpect-lullv to invite the Chief Signal
Officer’sattention to the character of the respective duties performed agahoveset forth, and
the compensation paid for such services, espécially as compared with that paid in other
Government bureaus for labor much less important z‘m.d involviug little responsibility.
The importance to the interests of this service of retaining men of experience and ability,
who have been practically trained in their duties, can not he overestimated; but it isre-
spectfully submitted that, as has already heen proven by experience, transfers will be
sought and obtained to other bureaus offering better oppportunities for advancement
except more satisfactory inducements than those that now obtain can he offered in this
service.

It is worthy of note also in this connection that the operating force is on duty every
day in the year, Sundays and holidays included; though their work on these days has
been restricted by the present Chief Signal Officer to the performance ouly of what is
actually necessary. . .

The force serving outside of Washington consists, at the close of the figcal year, of 60
enlisted men of the Signal Corps and 13 civilians; all on duty on the military and sea-
coast telegraph lines. In addition to their regular duties as operators and repairmen
they are also utilized in connection with meteorological work. Thirty-seven of the en-
listed men and two of the civilians perform the mgteoro]ogxcal‘ duties of second-order
stations, which comprise taking and recording two full observations daily and other in-
cidental labor. Nineteen enlisted men take and record one observation daily and per-
form the minor labor in connection devolving on third-order stations; and 4 enlisted men
and 16 civilians make and record one daily observation of rainiall. These employés
have in general performed their duties satisfactorily. The enlisted men especially de-
serve much commendation. Most of the, from the character of their work, are stationed
at isolated points, where they have Jong monotonous hours of duty, including every day of
the year, though the work is restricted on Sundays and holldays to only whatis nei-,ossu.ry;
where only, as a rule, the mere necessaries of life can be‘obtmpcd. and often at much per-
sonal expense; where thereis little, if any, opportunity for social intercourse or the enjoy-
ment of even the ordinary comforts of life; und where, often in the most unfavorable
weather, they are subjected to personal hardships in making extended Mme trips to keep
up communication, frequently at the risk of health, and occasionally even of life itsell’
The value of their services, both to military and commercial interests, is well known to
the Chief Signal Officer, and needs no extended eulogy. .

The present Chiel Signal Officer has already reduced, as far us practicable in public
interests, their hours of labor, and otherwise eudeavored to ameliorate their condition,
and will doubtless show them such further consideration as may be just and practicable,

WORK OF THE DIVISION.

The work of the division has remained substantially the same as in former years, and
has comprised mainly the administration and supervision of the United States militapy
and sea-coast telegraph lines, in their maintenance, operation, and repair: the test and
ingpection of telegraph iaterial and instruments purchased for the Sérvice; the tele-
graphingof weather reports and official messages to and from the central office and to
and from subordinate centers for collection and distribution, and the auditing ofall hills
for services rendered in transmitting data by commercial telegraph companies,

During the past fiscal year the general telegraph service has been more satisfactory
“than in former years,

At the central office alone, within the year, there were received and sent 1,200,000
cipher words, comprising weather reports, and 80,000 miscellaneous telegrams. There
were also audited ninety-tive bills for telegraph services, leaving about sixty additional
which have not been presented for settlement, as several of the companies decline to ac-
cept the rates fixed by the Postmaster-General,
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CIROUITS.

The circuit system, so advantageous in former years to the Service in transmitting
weather reports, still obtains, and has been somewhat extended during the year. By
this arrangement, which permits intermediate stations to receive weather reports pass-
ing between the terminal offices on a circuit, the distribution of reports is greatly ex-
pedited, at reduced labor and cost, as onc transmission supplies all intermediate points.
There are now twenty-three circuits in operation, varying in length from 6 to 1,112
miles, and each designated by the names of the terminal stations, as ‘“Alpena and De-
troit,”’ “‘Cairo and St. Louis,”” etc.

MILITARY AND SEA-COAST TELEGRADID LINES,

There were in operation at the date of the last report 1,615 miles of military lines
and 621 miles of sea-coast Jines. T'he policy of the Chief Signal Officer to discontinne
these lines whercver commercial lines are ready to do the work, or where the lines are
no longer required for strictly military purposes, led to the abandonment of 365 miles
of military lines during the year, as hercinatter referred to in detail; while the prospect-
ive discontinuance of a numher of military posts, as contemplated in General Orders,
No. 43, Adjutant General's Olfice, current series, will result in the abandonment of 263 -
milesof line additional at anearly date. ‘I'wo new lines, aggregating 87 miles in length,
were constructed during the year in the interest of shorter und more reliable outlets for
existing lines. In both cases the material was recovered from old lines, and the work
of constraction done hy troops without extra expense to the United States. No change
has taken place in the mileage of the sea-coast lines in operation at the beginning of the
year, but steps have heen taken to extend the San Franciseo—Ioint RReyes line via Lime
Point and Tiburon—in accordance with an act of Congress to that effect.

The following table shows the location of the lines by departments and coasts, to-
gether with their length and the changes during the year : .

I. MILITARY LINESs.

In operation.
Departments. Changes.
July 1, | June 30,
1889. 1890.
Miles. | Diles.
Dakota ..cccuecoume- 282 282 | No change.
Missouri .- ccocmmn.-. 230 126 | Abandoned 108 miles, Fort Reno to Wood-
: ward; built 4 miles, Fort Reno to El
Reno,

Texas - occcccoenoamn 124 124 | No change.

Californig. -« < ccoca- 12 12 | No change.

Columbia_ cccnmaun—- 99 0 | Abandoned 99 miles, Fort Klamath to
Ashland.

Arizongs . -cccocaenan 540 493 | Abandoned 130 miles, Whipple Barracks
to Phoenix; built 83 miles, Fort Apache
to Holbrook.

Platte . oo vocaemeeee 328 300 | Abandoned 28 miles, Fort Laramie to Bor-
deaux.

Total. ccne e 1,615 1, 337 | Total decrease 278 miiles.
1I. SEA-COAST LINES,
Pacific coast. . - - 158 158 | No change.
Atlantic coast .- - 463 463 | No change.
Total. _cunnen 621 621

11945 siG——4
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These linesare divided into31 separatecircuits, with 91 offices and saboffices, of which
20 circuits and 67 offices are authorized to carry commercial business at the rates fixed
by the Secretary of War, while the remaining 11 sections and 24 offices are mostly op-
erated as telephone lines, under the immediate control of the postauthorities, and carry
no paid business.

TELEGRAPH RATES.

The business of all Departments of the Government and the personal messages of offi-
cers of the Army, and of such personsas have been granted ‘“franks?’ by the Chief Sig-
nal Officer, are transmitied free of charge over the militury and sea-coast lines.

The rates for commercial messages over these lines are at present as follows:

On lines exceeding 400 iiles in length, 20 cents for each message of ten words and 1
cent for each additional word.

On lines from 150 to 400 miles in length, 15 cents for each message of ten words and
1 cent for each additional word.

On all lines less than 150 miles in length, 10 cents for each messare of ten words and
1 cent for each additional groap of two words or fraction thereof.

The total receipts accruing to the United States from the transmission of commercial
messages during the year amounted to $7,187.24.

OFFICERS ON DUTY WITH TELEGRAPII LINES,

‘The following named officers of the Signal Corps have been in charge of divisions ot
military and sea-coast telegraph lines during the year, viz :

Second Lieutenant James A. Swift, in charge of lines in the Department of the Co-
lumbia from July ! to November 2, with station at Ashland, Oregon. In charge of lines
on the Atlantic coast from December 10 to March 15, \\'{tl} station at Norfolk, Va.

Second Lieutenant William A. Glassford, in charge of lmps in Arizoua Territory from
July 1 to October 7, with station at Whipple Barracks, Arizona,

Second Lieutenant William D. Wright, in charge of New Lingland Division, sea-coast
lines, July 1 to September 30, with station at Wood’s Holl, Mass,

Second Lieutenant Irauk Greene, temporarily in charge of lines in ‘Texas, New
Mexico, Indian Territory, Utah, Wyoming, Dakota, and Montana from Au"ll.‘i’t 1 to
September 30, station at this office. Lines in Arizona October 8 to present d?ue; and,
in addition, lines in Texas, Indian Lerritory, and New Mexico since May 16, with station
at Whipple Barracks, Arizona.

Second Lieutenaut John C. Walshe, in charge of lines in North Dakota, Montana
Utah, and Wyoming, January 21 to present date; and, in addition, lines in Wa.'«xhingi
ton and Oregon since May 1; station at Bismarck, N, Dak.

Second Lieutenant Benjamin M. Durssell, in charge of lines in Dakota, Montana
Utah, and Wyoming, October 1 to January 20; station at Bismarck, N, Dak. '

Second Lieutenant John Y. Finley, in charge of Atlantic Division, sea-coast lines
from QOctober 1 to December 9; station at Boston, Mass. !

Second Lieutepant Joseph E. Maxfield, in charge of Point Reyes lines from July 1 to
June 30; station at San 1°rancisco, Cal. .

Second Lieutenant Irank W. Ellis, in charge of lines in Texas, New Mexico, Indian
Territory, Utah, Wyoming, and Dakota from July 1 to 31, with station at San A’Xntonio
Tex. Lines in Texas, New Mexico, and Indian Territory, October 1 to May 9; station
at Galveston, Tex. In charge of Atlantic Division, sea-coast lines, May 21 10 present
date, with station at Norfolk, Va.

In addition to their regular duties with the lines mentioned these officers have been
engaged from time to time in inspecting the various signal stations in neighboring States
and Territories. Licutenant Greene was also employed in supervising the recovery of
the material from the abandoned line between Whipple Barracks and Pheenix, the con-
struction of the new lines from IFort Apache to Holbrook, and the reconstruction of the
line between Sun Carlos and the *‘ Summit.”’

OFFICE HOURS,

To provent unnecessary duty by the excessive lengthening of office hours and to estab-
lish uniform rules for meeting public needs, it was ordered on December 2 that offices
on the military telegraph lines should he open to the public from 9 2. m. to 4 p. m. and
from 7 p. m, to 8 p. m., except on Sundays and holidays, unless these hours should be
temporarily changed by competent authority in cases of military emergency. (General
Order No. 31, 1889.) On Sundays and legal holidays the hours of businessare restricted
to the minimum consistent with the public requirements on those days. (General Order
No. 32, 1888.)
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On the sea-coast lines the regular office hours were fixed to be from 8.30 a. m. to 7.30
P. m. for stations where two or more men are on duty, and from 9 a. m. to 4 p. m. for
Stations where there is but one man. In the same order the special duties pertaining to
stations on these lines were redefined, in & modified form, to meet the altered conditions
since the original instructions were issued. (General Order No. 6, 1890.)

VESSEL REPORTS.

As it was brought to the attention of the Chief Signal Officer that operators on the sea-
coast lines were irequently called upon outside of their regular office hours to expend
extra time and labor in reporting passing vesscls, often at unsensonable hours, in the in-
terests of private corporations and individuals, he considered it bus Jjust that, while no
compensation should be demanded or accepted for reporting vessels during the prescribed
office hours, operators who choose to give a part of their own time to this purpose shonld
be permitted to receive a reasonable remunecration for so doing. Accordingly on Febru-
ary G, 1890, operators were advised that they would be permitted to make such arrange-
Mments with corporations and individuals regarding compensation for their extra time
and labor as might be mutunally satisfactory; but that ne arrangement should be en-
tered into or considered as authorized unless it had first been submitted to and approved
by the Chief Signeal Officer.

REPORTS OF FUNDS—CASH-BOOKS.

In view 'of the diminished cash receipts at most offices on the nilitary and sea-coast
telegraph lines, officers in chargoe were authorized on December Y}, 1884, to entirely dis-
continue, in their discretion, the weekly statements of funds (Forms Nos. 44 and 45)
{rom stations where the receipts were known to be small, and to require them to be ren-
dered only at the close of husiness on the 15th day of each month in other cases.

The methods of keeping cash-books, and maintaining proper checks on the tronsfer of -
line receipts, were amended and improved in the interests of uccuracy and sccurity against
loss to the United States from carelessness or otherwiso, (General Orders Nos. 12 and
13, 1890.)

WESTERN UNION TOLLS ON OFFICIAL TELEGRAMS.

The Western Union Tclegraph Company having announced its intention to decline
the rates fixed hy the Postmaster-General, the operators in charge of all military offices
Were instructed not to collect that company’s tolls on official messages, but to turn such
Inessages over to the company for collection. This action prevented complication and
embarrasement in the settlement of transfer accounts. (Circular letters, Telegraph
Division, December 10 and February 1.)

RULES GOVERNING FREE BUSINESS.

In connection with Circular No. 19 of 1883, from this office, providing for the free
transmission over Signal-Service lines of thepersonal messages of all officersof the Army,
1t was ordered on August 12, 1889, that thereafter free private messages should only be
Sent when it could be done without detriment to public aud paid business, and withoat
causing operators to work extra hours or ask for additional lorce. This action became
Decessary on account of the large and increasing number of private messages offered for
free transmission over some of the lines, and to prevent interference with the proper dis-
Patch of public business, and any further increase in the operating force not warranted
‘l)g the amount of official or paid business. (Circular letter, Telegraph Division, August

, 1889.)

CABLE ARRESTERS.

To better protect the submarine cables in use by this service from damage by light-
Ding, the ‘‘Swift’’ cable arrester was experimentally replaced on a number of lines by
8 modified form of the double circular-plate arrester, with rubber rings and spider wire.

the new arresters were not distributed until last January, their supposed superiority

48 not yet been put to a sufficient number of practical tests to warrant a final opinion.

Reports will be called for later in the year, when suflicient data will probably be avail-
able to decide the question,

MILITARY AND SEA-COAST TELEGRAPH LINES.

A brief history and description of the several sections of military and sea-coast tele-
8raph lines, with changes since date of last report, is furnished as follows: -
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MILITARY LINES.

Department of Dakota.—No important changes have taken place in the lines of this de-
partment, but steps have been taken to abandon early in July the 156 miles of line from
Fort Maginnis to Kintyre on the discontinuance of the post of T'ort Maginnis, This will
close three stations, release one Signul Corps man, and admit of the discharge of two
civilians. Despite its weak condition, as reported last year, the [Port Maginnis line has
worked well, and all faulls occurring were repaired with commendable promptness.

The Fort Custer section received general repairs by troops during July, when 145 cedar
poles were put into the line. Two hundred iron poles are now on the way to Custer
Station, which will probably suffice to put the line in good order for several years.

The Bismarck-Fort Yates line has remained in elficient working order.

The Fort Totten-Oberon telephone line remains under the control of the post author-
ities. It carries no paid business. .

The Signal Corps observers at Forts Sully, Buford, and Assinniboine operate Western
Union lines or loops to the nearest commercial offices, by which arrangement the prompt
transmission of ** signals’’ and other official business is secured without additional ex-
pense. . R .

Department of the Missouri.—Owing to the cxtension of a railroad line toa point within
8 few miles of Fort Reno, 1nd. T., il becane possible to .dlscontinue 108 miles of line
hetween that post and Woodward, by building a short line between the post and the
railroad station at IE1 Reno, a distance of about 4 miles. Thisconnection was completed
on April 19, part of the old line having been dismantled for the purpose of supplying
the necessary material. The remainder of the line as far as Cantonmeunt, G:2 miles, was
turned over to the Interior Department for the use of the Indian Bureau; and from
Cantonment to Woodward the iron poles were recoveted by troops, and the rest of the
material sold at auction. This change divides the Indian Territory lines into two sepa-
rate sections, one from Fort Sill via IYort Rlevo to El Reno, 79 miles, and the other from
Fort Supply to Woodward, 15 miles. The Iatter section has heen equipped as a tele-
phone line and transferred to the post authorities, to .dube July 1, 1890.

The Fort Elliott-Miami and 1'ort Lewis-Durango lines have remained in operation as
described in the last report.

Department of Texas,—No change has taken place except that the Rio Grande City
. office was moved to Fort Ringgold, where the necessary accommodations are obtained

 without expense. The line thence to Brownsville has remained in effective operation.

The telephone line from Fort Davis to Marln is operated under tho control of the post
authorities. The obscrver at San Antonio operates a loop between department head-
.quarters and the Western Union office.

At the request of the department commander, approved by the Secretary of War,
. sufficient old line material, instruments, etc., were furnished by this office for the con’-
straction of a line from Fort Clark to Spotford Junction, a distance of about 10 miles
Tho shipments were ordered on June 18. )

Department of California.—The broken cable between Fort Masonand Aleatraz Island
was repaired August 21, at a cost to this Service of $275 for such appliances and skilled
Jabor as could not be furnished by the military authorities. About one and one-half
miles of the old cable was recovered at the sarae time. The cable was again broken on
November 7 (for the sixth time), and in view of the evident impracticability of main-
taining a cable over that route no further attempts weremade to repair it. By f:lnpioy-
ing the Western Union operator at Tiburon to transfer the business for the islands via
Angel Island telegraphic communication has been maintained; and under the act of
Congress providing for the renting of a conductor in the Western Union cable neross the
Golden Gate, and the construction of a connecting land line, direct communication with
Angel Island and Alcatraz Island will berestored at an early date. The cable between
these two islands was accidentally broken by an anchor on August21. It wasraised and
repaired at the expense of the vessel’s owners,

Department of the Columbia,—The line from Fort Klamath to Ashland, Oregon, which
was mentioned Just yearas requiring extensive repairs, was abandoned and sold Novem-
ber 2, before any action had been talken to reconstract it. This resnlted from the with-
drawal of the garrison from Fort Klamath. The Fort Canby section is referred to
under sea-coast lines.

Department of A rizona.—The operation of theline from Whipple Barracks to Pheenix
130 miles, was discontinued early last July, and the line advertised for sale; but at the
request ot the department commander the Secretary of War directed that the material
be recovered hy troops and utilized in the coustruction of a line from Fort Apache to
Holbrook. The work of dismantling theold line and constructing the new one was done
by troops under the supervision of Second Lieut. Frank Greene, Signal Corps, and was
completed March 4, 1890, The new line is 83 miles long, and furnishes an additional
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outlet for the important pests on the Apache line. The old line from San Carlos to
the ** Summit’’ was dismantled during May, and rebuilt along the new road under the
supervision ot Lieutenant Greene.

The line between I'ort McDowell and Pheenix was equipped with telephones and
transferred to the post commander on January 1. This section, as well as the Prescott~
Verde line, will shortly be discontinued under the provisions of General Orders No, 43,
Adjutant-General’s Oflice, current series,

T'he Fort Lowell-Tucson telephone line continues in operation as described last year.

The IFort Stanton section, in the District of New Mexico, has remained in good work-
ing order, although in the absence of un intermediate repuir station the removal of or-
dinary faults is apt to involve vexutious delays. A quantity of new wire and 100 iron
poles have been ordered, shipped to Lava for use in making general repairs, and the
department commander has directed that troops and transportation be furnished from
Fort Stanton for that purpose,

The Fort Union and Fort Wingate sections remain under the control of the respective
post commanders.

Department of the Platte.—The repair station at Sweetwater Bridge, Wyo., -on the -
Fort Washakie line, was closed during August with the concurrence of the post com-
mander, and the repairman moved to Fort Washakie. Serious delays in making repairs
occurred during April and May, owing to the failure of the post authorities to send out
repair parties. As tbe line is maintained strictly in the interests of the post, and with
the distinet understanding that repairs should be made by troops, it is presumed that
those interests were not of suflicient importance it that time to demand more energetic
action in restoring communication. The suboflice at Lander is still maintained for the
benelit of the citizens, and without expense to this service.

Twelve hundred iron poles have been shipped to Price, Utah, for use on the Fort Dun
Chesne line, and the department commander has directed that the work of making gen-
eral repairs be begun immediately on the arrival of the lust invoice of poles from the In-
dian Territory; troops and Government transportation to be furnished from IFort Du
Chesne. The line has been maintained in very eflicient working order considering the
rongh nature of the ground, and its liability to damage from cattie and freighters.

The arrangement for the joint operation of the IFfort McKinney and the Wyoming In-
land Telegraph Company's lines to Douglas has continued with tairly satisfactory re-
sults. ‘The company has repcatedly endeavored to dispose of its line to the Government
or obtain an order that troops should keep it in repair. Neither position was favorably
considered by the Secretary of War, General repairs were made by troops during April,

Owing to the nhandonment ot the post ot Fort Laramie, the telephone line from that
post to Bordeaux, Wyo., was discontinued on December 4, 1889,  'I'he iron poles were -
recovered for use on the Fort Du Chesno section and the rest of the material offered for
sale at auction.

The Fort Bridger line will shortly be abandoned under the provisions of General Or-
ders, No. 43, Adjutant-General’s Office, already referred to.

SEA-COAST LINES.

Atlantic Division.—Excepting the unavoidable delays attendingthe repairs to the Cape
Charles and Nantucket cables, there has been but little interruption of business on these
lines. Extensive general repairs were made on portions of the Hatteras line, including
the erection of 300 new wooden poles, the stringing of 25 miles new wire, and the length-
ening of the cable ends at Oregon Inlet and New Inlet. The Cape Charles cable failed
on September 1, and was subsequently found to have been cut with an ax, presuma-
bly by the crew of some vessel whose ancher had fouled the cable. Bad weather and
other causes prevented repairs until October 20, when they were skillfully made by
Private William Daly of the Kitty Hawk station, at an expense of” $585 for hire of boat
and appliances. Lo facilitate repairs on the Ilatteras section, un additional stution was
opened on the line, at Currituck Inlet, North Carolina, with good results. It is esti-
mated thst to put the section in first-class condition 100 miles of new wire and 200
wooden poles should be furnished during the coming year.

The Nantucket lines have worked efliciently, and the expectation that the new cable -
across Vineyard Sonnd would be safe from damage by anchors has thus far been fully
realized. A slight leak appeared in this cabloduring July aud was located in the splice
near Gay [lead; but communication was not interrupted thereby, and the splico was
made over during August. Tho cable between Martha’s Vineyard and Nantucket failed
on December 2, and was promptly repaired by Sergeunt Blundon on the 15th day of the
same month. This trouble was also found to have been caused by an old splice. A
discreditable interruption of business occurred during the latter part of December, due
to the neglect and incompetency of the Woods Holl repairman, who was promptly re-
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duced and transferred to another station, The few iron poles that still remain in use
should be replaced with wooden ones during the coming year; otherwise the section is
in good condition. 3 .

The Block Island and Wilmington sections have remained in excellent working order.

On the Jupiter line occasional ordinary repairs have been sufficient to maintain effi-
cient service; a general trimming out of trees and other foliage will probably be the only
extra expense nccessary during the coming year. Besides the three regular stations on
this line, subofiices have been in operation for the benefit of local interests, and without
expense to the United States, at Lau Gallie, City Point, Rockledge, Melbourne, and
Fort Pierce.

Pacific Division.—General repairs were made on the Fort Canby section during Novem-
ber, including the erection of 32 new poles. Theland line has been in good condition
since; and no trouhle whatever has thus far appeared in the new Columbia River cable
laid in 18&8. i

Owing to the break in the Alcatraz cable, as mentioned elsewhere, the direct opera-
tion of the Point lieyes line from the San Francisco office bad to be discontinued; but
the weather and vesscl reports from Point RReyes were received as usual by transferring
them to the commercial lines at Tiburon. The deficiency bill passed by the present
Congress provides for the rental ol a conductor in the Western Union cable across the
Golden gate, and the construction of a land line conpecting that cable with the present
terminus of the Point lieyesline. Workon the latler 18 now under way, and will restore
direct communication between the signal office at San Francisco and the light-house at
. Point Reyes, when completed.  Severe storms during January did considerable damage
to the line, and necessitated general repairs.

The Tatoosh Island section was kept in operation between Port Angeles and Neah
Bay until December, when the poor condition of the line necessitated its provisional
abandonment until the action of Congress should determine cither the complete resto-
ration of the section. including a new cable to Tatoosh Island, or its permanent abandon-
ment. A bill appropriating $6,800 hag passed the Senate and been favorably reported
to the House, which contemplates the renewal of the cable aud line; but it is believed
that this sum will be insufficient for purchasing so heavy cable as the one recommended
by the Board, not to speak of the considerable sum that will be required to rebuild the
land line. It has heensuggested thata wire span across the narrowest part of the chan-
nel (about three-fourths of u mile wide {here) might be maintained in lieu of a cable;
and as the high bluffs on both shores afford superior advantages, it is possible that a
suitable structure could he erected at a comparatively small cost to safely carry a proper
conducting wire under ordinary conditions and without interfering with the navigation
of the channel. Whether the span would also witbstand the violent wind-storms for
which this locality is noted, especially during winter, if coated with snow or sleet, or
possibly spray, should the sag be great at certain points, is a subject for further consid-
eration, and perhaps cxperiment; but the plan might be used as an alternative, espe-
cially in view of the small cost involved, should Congress fail to make appropriation for
restoring communication by cable.

Respectfully submitted,

. Second Licutenant, Signal CJAs. ;‘IITCHELL,

econd Licutenant, Sign elegraph .
The CHIEF SIGNAL OFFICER. P graph Offcer
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APPENDIX 3.

ANNUAL REPORT OF THE CHIEF OF THE CORRESPONDENCE DIVISION.
SIGNAL OFFICE, WAR DEPARTMENT, Washington City, July 1, 1890,
Str: Followiug is a report of the work of the Correspondence Division for the year

ending June 30, 1890, with information connected therewith: .

GENERAL AND SPECIAL ORDERS ETC,, ISSUED.

General orders and circulars printed -« oo oo oeme i e c—— e 42
Copies and extracts distributed oo oo am—mees 18,133
Special orders (mimeographed) 157; and 6,201 copies distributed .. ..o—----- 6,358
Instructions (mimeographed) 49; and 1,64% copies distributed. - -ccnvo—oo 1,697
Memorandums issued, 90; and 291 copies distributed - cceocemm oo 381
0] - e e e e e mmm e m e memmmmmmmmm— e m e m- emec—mmea————— 26, 611

ENLISTMENTS, DISCITARGES, EXAMINATIONS OF RECRUITS, EIC,

Enlisted men, Signal Corps, appropriated for —_ . oaeer e 320
Lnlisted men, Sigual Corps, on July 1, 1889 o mameee e 315
Enlisted men, Signal Corps, on June 30, 1890 e cmeev e 318
Discharged during year on account of— i

Expiration of term - o e e e e mmem e eeomm e 46

Their own applieations __ . e oo ee oo 23

Unsatisfactory conduet oo oo oo mira oo s m e e m e 6
Died during the Fear. . e oo e e eammmmmeas oo 7
Re-enlisted immediately after diBeharge o .. oo oce o ica e ceeeo 41
Out of Signal Service tor some time, whosought and obtained re-enlistment. - - .- 7
Recruits enlisted - - - eeocceoooccmceaccccmccmaaemmmemmememmme o= —mm = 37 -
Promotions during year- . ... ..... e e e e mmm e c—m——memm——— 50
Reductions AUring year.. .o e oo mmmemccmaceccccommm o —eome b
Applicants for enlistment during year- .- oo 311
Candidates who were examined as to education—

Passed .o e e m—mm—eme—ccmemmmem—mm——-———e—~ee—e—————— 43

Failed o e e e e cmmm e — e e s em——————— 25

MUSTER ROLLS, RETURNS, VOUOHERS FOR PAY, ETC., PREPARED.

Muster rolls, enlistment returns, signa) officers’ returns (sheets) - .. .- -c----- 336
Enlistment PADers . - oo« o ccmmmmmmmmmmmeems e mmmmmm e 170
Discharge certificates - - - oo oo oo am oo e mccmememmmcmm e 75
TUurlonghs . - e e cmcmcmmmmmmenmeccceemsee e 16
Tinal statemonts of pay, ete., of enlisted men discharged .- .- - e ooni oo 164
Vouchers for pay and commutation .o« o - oo ol oo mmaieeomc —ceoemen 7,680

Card records of civilian cmployés and enlisted men, on which are entered, for ready
reference, jottings of everything relating to the efficiency, ete., of each, have been kept
up, .
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ABSENCE OF EMPLOYES, SIGNAL OFFICE;, WASHINGTON CITY.

Total absence. Average absence.
Imployés. Average | T I
number, With :On account With On account
leave. | ol sickness, leave. of sickness.
. Days. Days. Days. Days.
Male .__.____._.._..._. 148 4,039 877 24. 45 5.28
*24., 50 *4. 50
Female - _.....__._.. 20 628 174 26. 17 7.25
*25. 50 *11. 00

There was a total absence of 30} days without pay (351 days in 1888-9).
WAL RECORDS,

From January, 1882, to June 30, 1889, 466 calls were received and reported on, in
cases of claims for pensions, ete.; Gl calls were received and reported on during the past
year. .

The preparation of a military history, or card containing a synopsis of everything of
record in this office, for every officer and man in Signal Service during the war was
nearly completed the past year; but the necessity 9{‘ devoting all available clerical force
to examining soveral hnndred thousand letters, with a view to sale of the worthless for
waste paper, required by recent action of Congress, will becessitate & temporary sus-
gension of this work. It will, howcver, be completed d.lll‘ll)g the current year, proba-

ly. As 2n instance of the facility with which information in such cases can now be
gecured and furnished, reference is made to the fact th'ata on one occasion during the
year two calls for reports were received from the Adjutant-General’s Oflice, in the
mail at 9 o’clock a. m., and at 10 o clock tho same morning both were returned with
a report, in each case, of the facts of record in this office as to the war service of the men.
Report is made in every case within twenty-four hours (where Sunday or holiday does
not intervene) of date of receipt of the call for information.

BUSINESS METHODS—CLERKS,

During the year every effort has been made to do the clerical work in a manner ap-
proximating, in so far as safety to the Government interests will allow, the simple and
expeditious course pursued by private individuals who are forced to consider the cost.
It is not considered necessary to give particulars of the changes in details made with
‘this object; but the extent to which the effort has heen successful is indicated by the
fact that but half the time of one clerk has heen taken in preparing the vouchers, ete.
for the pay of enlisted men (¢overing nearly half of the total disbursements for the' serv:
ice), and the additional fact that three clerks, named below, could be spared from a di-
vision whichhas been undergoing gradual reduction for some years past. The necessity
for the improvement in this direction is forcibly brought to mind by the authorization
by Congress of the sule as waste paper of certain useless documents in the Departments,
under whichabout 600,000 letters received ip this office will be selected for disposal m;
no longer of value. A low estimate of the cost to the United States of the mere clerical
work of briefing and recording the briefs of these letters, as distinet from the cost of con-
sidering and ordering action thercon, would place it above $100,000, Most of this money
was uselessly expended under a system by which papers on the most trivial subjects were
carefully and elaborately briefed and recorded. This expensive and profitless system
was discontinued in this office in 1837,

In this connpection it is considered proper to remark that the best work can be ex-
pected only from clerks who are well puid. It is well known that the rates of pay
are lower in this office than in other bureaus and departments; hence dissatisfuction
and a constant desire to get transferred exists. There are clerks in the correspondence
division worth more than the $1,200 per annum they receive. 1t would be fo the in-
terest of the Government to give them better salaries; for, no matter how close the super-

*Average for preceding year (1888-89).
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vision of the chief, underpaid clerks egn, and sometimes do, perform their work in a
perfunctory and inditferent manner. Knowing that on account of their experience ag
clerks they can readily securo the same rate of” puy, with prospects of advancement, in
other bureaus, there is no means of exacting better work, as the option of resigning
and securing appointment elsewhere is always open.  On the other hand, it paid salaries
equal to those in other Departments, they would repay many fold the increase of salary
by a hearty and ivtcrested performance ot duty. The fear of reduction or dismissal
could be brought to bear on the very lew who would require such treatment to exact
the very best work they are capable of.

Three eflicient clerks were lost (two, M. I'. Iollund and G. 1I. Davis, by resignation,
and one, J. D. Parker, by transier to Accounts Division) by the division during the
year. They have not been replaced. Of those now in the division 5 were not absent
on account of sickness, and the other 5 only 46} days, an average for the whole of 4.65,
which ig below the general average.

The undersigned continued in charge of the division during the year.

LETTERS RECEIVED AND LETTERS SENT.

A card-index system, iu placo of Letters Received Lecord books, for the important
letters in Correspondence Division, was commenced on January 1st, and work under it
is done more expeditiously and economically.

During the year 19,4338 letters received, inciuding inclosures, and 32,871 letters sent
were entered and copied, ete., respectively, in the Correspondence Division.

. Following is the number of communications, etc.. seut from and received inall div-
isions of this office during the year:

Communications received. including inclosures and metcorological forms.. 289, 825
Communications sent, including orders, ete., distributed. oo oo ocao e 73,604
Bulletins, weather maps, and other publications distributed from Wash-
174703 | ISR e ——m—— 268, 952
N1 710 U ISP 632, 381
Telegrams: .
Cipher words of reports sent and received. oo —oo oo ooaioo 1, 200, 000
‘Telegrams other than weather reports sent and received. oo ... .--- 80, 000
Very respectiully,

J. B. MCLAUGHLIN,
Chicf of Correspundence Division.
The CHIEF CLERK, SIGNAL OFFICE,
Washington, D. C.
Respectiully submitted.
0. A. NusmiTH, Chief Clerk.
The CulkF SIGNAL OFFICER.

STATIONS INSPECTED DURING FISCAL YEAR ENDING JUNE 30, 1890,

Stations. . By whom. Date.
Albany, N. Y ... ... Lieut. J. P. Finley, Sigpal Corps..__- Dec. 20-22, 1889,
Atlantic City, No J ceeee- BN s (1 J S Jan. 7, 8, 1890.
Alpena, Mich _ oo ooa- Lieut. F. M. M. Beall, Signal Corps___| Dec. 5, 6, 1889.
Assipniboine, Fort, Mont_| Lieut. J. C. Walshe, Signal Corps_-_.. May 1, 2, 1890.
Auburn, Ala ... ... Lieut. R. E. Thompson, Sixth Infan- | Feb. 14, 1890.

try, signal officer. !

Atlanta, G - ccoomeeennao. JEN ' (SR Feb. 15, 16, 1890.
Augusta, Ga oo cooan S U SR Feb. 17, 18, 1880.
Abilene, Tex - .couonu- Lieut. F. W. Ellis, Signal Corps ....._. Mar. 29, 30, 1890.
Boston, Mass .. __..__- Lieut. J. P. Finley, Signal Corps - ... Dec. 6-9, 1889.
Buffalo, No Y. oooommeome e focee @0 e Dec. 28-30, 1889.
Block Island, R. I...ooo.l.__. A0 e e Jan. 21, 22, 1890.
Bismarck, N. Dak - .__._. Lieut. J. C. Walshe, Signal Corps----. June 13, 14, 1880,

Buford, Fort, N. Dak .| .40 oo - Apr. 28, 29,'1890,
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Stations.

By whom.

Baltimore, Md. . .o. -

Brownsville, Tex
Bowie, llort, Ariz
Chieago, 111
Custer, IFort, Mont_...__.
Cinc¢innati, Ohio. ._....__.

Cleveland, Ohio
Columbus, CGhio
Cairo, 111
Chat-mn&-g;l: Tenn. ...
Cape Henry, Va

Charleston, S. C
Cedar Keys, ¥la. ... ...
Columbia, S. C
Charlotte, N. C
Colorado Springs, Colo _ .-
Cheyenne, Wyo
Concordia, Kans - ... ..
Crete, Nebr
Columbia, Mo_. ...
Corpus Christi, Tex
Detroit, Mich
Duluth, Minn
Des Moines, Iowa._ ...
Davenport, lowa
Dabuque, Iowsa
Dodge City, Kans
Denver, Colo
Davenport, Iowa. ...
Eastport, Me
Erie, Pa
Llliott, Fort, Tex
Fort Smith, Ark. «.oo____
Fresno, Cal
Green Bay, Wis

Grand Haven, Mich
Galpin, Mont
Galveston, Tex
Harrisburg, Pa
Huron, 3. Dak
Helena, Mont
Ithaca, N. Y

Indianapolis, Ind
Jacksonville, Flw

Keeler, Cal.... ..
Keokuk, Iowa
Kintyre. Mont. ...._. .-
Knoxville, Tenn
Kansas City, Mo
Los Angeles, Cal. ___

Lansing,- I\.I;d_x e :::_.
La Crosse, Wis

1 Lieut. J. C. Walshe, Signal Corps

Lieut. R. E. Thompson, Sixth Infan-
try, signal officer.

Lieut. I'. W. Ellis, Signal Corps

Chief Signal Ofticer

Lieat. F. M. M. Beall, Signal Corps___

Licut. J. C. Walshe, Signal Corps

Lieut. k. B. Watkins, Signal Corps .__

Y [ B e e o

Lieut. 2. E. Thompson, Sixth Infan-
try, signal officer.

.---do

[+ SR
t.

Lieu 1 3
Lieut. 1. M. M. Beall, Signal Corps .

T 1 S
R; (. PRSP SRR PP PSS
SO (s DN PP
Lieut. I". k. Day, Signal Corps._.....

-.-.do
Chief Sigpal Officer .
Lieat. 1. M. M. Deall, Signal Corps. ...
Lieut. J. I'. Iinley, Signal Corps
Lieut. . B. Watkins, Signal Corps ___
Lieut. I". W. Tllis, Signal Corps
«---do
Lieut. J. P. Finley, Signal Corps
Lieut. F. M. M. Beall, Signal Corps. ..

Lieut. J. C. Walshe, Signal Corps
Lieut. F. W. Ellis, Signal Corps
Lieut. J. P. Finley, Signal Corps
Lieut. .J. C. Walshe, Signal Corps.
_..do. .. .-

Lieut. J. P. Finley, Signal Corps

Lient. It I3, Watkins, Signal Corps. ..
Lieut. R. E. Thompson, Sixth Infan-
try, signal officer.
Lieut. J. . Finley, Signal Corps__.. .
Lient. J. C. Walshe, Signal Corps .__.
.—-.do
Tieut. R. B. Watkins, Signal Corps._._
Lieut. I, R, Day, Signal Corps
Lieut. W. A. Glassford, Signal Corps._
Licut. . Greene, Signal Corps
Lieut. I, M. M. Beall, Signal Corps __
Lieut. J. C. Walshe, Sigual Corps .__.

Date.

Jan. 6-8, 1890.

Apr. 27, 28, 1890.
May 6-8, 1890.
Nov. 23-26, 1889,
May 14, 15, 1890.
Nov. 29, 30; Dec. 2,
1889.
Dec. 19-21, 1889.
Dec. 26-28, 1889.
Jan, 6, 7, 1890.
June 29, 1890.
Jan. 14, 15, 1890.
Jan. 10, 11, 1890,

Jan. 15, 16, 1890,
Jan. 24, 1890,
Feb, 19, 1890.
Feb. 20, 1890.
Mar. 10, 11, 1890.
Mar, 13, 1890.
Mar, 15, 16, 1890.
Mar. 17, 1890,
Mar, 23, 18Y0.
May 2, 3, 1890,
Dec. 15, 16, 1889,
Dec. 1, 2, 1889.
Dec. 13, 14, 1889.
Dec. 17, 18, 1889.
Dec, 19, 20, 1889,
March 7, 1890.
Mar, 11-13, 1890,
May 14, 1890,
June 28, 29, 1890.
Dee. 13-16, 1889.
Dec. 14-17, 1889,
Mar. 22, 23, 1890.
Mar. 14, 15, 1890.
June 21, 22, 1890.
Nov. 30; Dec. 1,
1889,
Dec. 9, 10, 1889,
Apr. 30, 1890.
Apr. 2, 3, 1890,
Jan. 2, 3, 1890.
Dec. 8, 9, 1889.
May 3, 4, 1890,
Dec. 31, 1889;
Jan. 1, 1890.
Dec. 30, 31, 1889.
Jan. 20, 21, 1890.

June 25, 26, 1890.
Dec. 15, 16, 1889.
April 30, 1890.
Jan. 17,18, 1890.
Mar. 21, 22, 1890.
Aug. 3, 1889.
April 3-6, 1890.
Dec. 11, 12, 1889.
Dec. 21, 22, 1889,
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Stations.

By whom.

Date.

Lexington, Ky
nisville, Ky- - - =vnn--
Lynchburgh, Va. - -oneu-

Leavenworth, Kans._-..
Little Rock, Ark
Manchester, No JI___.__--
McDowell, Fort, Ariz: ...
Mllwaukee Wis_ coeeaman

Do
Marquette. Miche oo acoe
anistee, Mich. ... ..
-Moorhead, Miop.. .- _.-
Maginnis Fort, Mont_ ___.
Mobile, Alg aecoceeemman-

Meridian, Miss .- —_-
Montgomery, Ala. ... -
Montrose, Colo
Meme))hls. Tepn oo oo~

ashville, "Tenn
New York City
New Brunswick, N. J_...
New aven, Conn
New London, Conn. - _...
Narragnnsett Pier, R. 1. ..
Nantucket, Mass. ...
Norfolk, V8 weeocoeennn-e

New Orleans, La- ...

North Platte, Nebr.oo- .-
Oswego, N. Y
Omaha Nebrocaroeccanas

Do
POrtland )} (-
Philadelphin, Pa- -« -—--
Pheenix, Ariz -cceooeno. -
Port Huron, Mich
Parkersburgh, W. Va ...
Pittsburgh, Pa
Pensacols, Fla. caone- oaee

Pneb]o, Colo
alestine, Tex. .- ---.
ROChIester, N. Y
wling, Wyo - e cceuen
Rapid City, S. Dak
Raleigh, N. Occccoeonnnn-

Reno, Fort, Ind. T -eveen--
Rio Grande City, Tex ----
Ban llgxego, Calcecee s
Bault de Ste. Marie, Mich.
8t, Pan), Minn .. _---.
8t Vincent MinD_.--——--

----do

Lieut. R. B. Watkins, Signal Corps...-

o0 e e ctammaim e —m————

Lieut. R. E. Thompson, Sixth Infan-
try, signal officer.

Lieut. F. R. Day, Signal Corps --—-.--

Lieut. I*. W. Ellis, Signal Corps--..--

Lieut. J. P. Finley, Signal Corps .-

Lieut. W. A. Glassford, Signal Corps..

Lieut.’F. M. M. Beall, Signal Corps -

Lieut, 7. C. Walshe, Signal Corps --—-

[ [+ YISO §
Licut. R. E. Thompson, Sixth Infan-
try. signal officer.

B [ SR I U RIS

DU [ IR PRI
Lieut. I'. R. Day, Signal Corps- ... -.
Lieut. I. W. Ellis, Signal Corps_.__..
Y.ieut. . R. Day, Signal Corps
Lieut. J. P. Finley, Signal Corps.___.
Lieut. R. B. Watkins, Signal Corps .--
Lieut. J. P. Finley, Signul Corps_ ...

U : [ WU N IR UPR SO RR RS
BTURY s [+ J N U U P
Y s [+ WU U U PSPPSR
—.do
_.--do

Lieut. R. E. Thompson, Sixth Infan-
try, signal officer.

S « (s WO U U S

Lieut. F. R. Day, Signal Corps.._----
Lieut. J. P. Finley, Signal Corps-._-.
Licut. . R. Day, Signal Corps.-.--.
Chief Signal Officer-. o ococccmaan-

Lieut. J. P. Finley, Signal Corps .. --

Lieut. I'. Greene, Signal Corps-__. ...
Lieut. W. A. Glassford, Signal Corps.-
Lieut. F. M. M. Beall, Signal Corps ..
Lieut R. B. Watkins, Signal Corps - --
Lleut R. E. Thompson, Sixth Infan-
try, signal officer.
Lieut. F. R. Day, Signal Corps...__—_
Lieut. F. W. Ellis, Signal Corps...-_.
Lieut. J. P. Finley, Signal Corps .-
Lient. J. C. Walshe, Signal Corps._ .
Lleut R. E. Thompson, Sixth Infan-
try, signal officer.
Lleut F. W. Ellis, Signal Corpa_._.-.
Lleut W. A. Glassford, Signal Corps..-
Lieut. F. Greene, Slbuul Corps . .-
Lieut. . M. M. Beall. Signal Corps ---
Lieat. J. C. Walshe, Signal Corps

JEUEUY ; {1 J I U U IS

Jan. 21, 22, 189,
Jan. 23-25, 1890,
Feb. =3, 24,1890.

Mar. 20, 21, 1890.
Mar. 9, 10, 1890.
Dec. 9, 11, 1889,
Aug. 1% 1889
Nov. 28, 29, 1889.
June 20—27 ’1890.
Dec. 2, 3, 1889,
Dec. 7, 8, 1839.
Deec. 6, 7, 1889.
May9 10 1890.
Jan. 29, 30 1890.

Feb. 10, 1890,
Feb. 12, 13, 1890.
Mar. 9, 1890.
Mar. 6, 7, 1890.
June 30, 1890.
Dec. 18, 19, 1889,
Jan. 9, 11, 1890.
Jan. 9-13, 1890.
Jan. 13, 14, 1890,
Jan. 15-17, 1890,
Jan. 17-19, 1890.
Jan. 23-25, 1890.
Jan. 27-29, 1890.
Jan. 9, 10, 1890.
31, TFeb, 1,
Mar. 14 1890.
Dec. ‘.23-".), 1889,
Mar. 18, 19, 1890.
May 22. 1890.
Dec. 11-17, 1889.
Jan, 4-6, 1890,
Sept. 24, 25, 1889,
Aug. 12, 1889.
Dec. 13, 14, 1889,
Dec. 5, 6, 1889.
Dec. 9-12, 1889.
Jan. 27, 28, 1890,

Mar. 8, 1890.

Feb. 27, 28, 1890.
Dee. 25-27, 1889,
May 27, 28, 1890,
May 30, 31, 1890.
Feb. 21, 22, 1890.

Mar. 19, 1850.
April 25 26, 1890,
Aug. 5, 6 1889,
Mar, 28—30 1890,
Dec. 4, 1889,

Nov. 27-29, 1889,
Dec. 4, 5, 1889,
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Stations,

By whom.

San Francisco, Cal .. ...

Sioux City, Iowa
Sully, Fort, 8. Dak
Sandusky, Ohio
Springfield, 111

Southport N.C.:

Savannah, Ga
Springfield, Mo
St. Louis, Mo
Shreveport, La
Supply, Fort, Ind. T ____
Sill, Fort, Ind. T
San Antonio, Tex ..__.__.
8dlt Lake City, Utah ._..
Toledo, Ohio
Titusville, Fla

Topeka, Kans - ....._._..
University, Miss_...____.
Vineyard Haven, Mass. .
Verde, l'ort, Ariz.
Vicksburg, Miss

Do
‘Wood’s Holl, Mass_______
Washakie, Fort, Wyo._...
Wilmington, N.C

Wichita, Kans.----. m—m

Yankton, S. Dak _____. ..
Yates, Fort, N. Dak

cen-do

-ew do

.---do .

----do

—~--do

Lieut. J. P. Finley, Signal Corps
Lieut. J. C. Walshe, Signal Corps

Lieunt. R. B. Watkms, Signal Corps
Lieut. R E. 71‘1155{55'&{,'5"&@'1{1fdﬁi{y','
signal officer.

Lleut PR, Day, Signal Corps

Lleut F. W. Ellis, Signal Corps .._____

Chxet‘ Signal Officer. .- ceeeoe
Lieut. J'. M. M. Beall, Signal Corps___._
Lieut. R. Ii. Thompson, Sixth Infantry,
signal officer.
Lieut. I. R. Day, Signal Corps
Lieut. . W. Ellis, Signal Corps . .____.
Lieut. J. P, Finley, Signal Corps
Lieut. W. A. Glassford, Signal Corps. _.
Lieut. R. E. Thompson, Sixth Infantry,
signal officer.
Lieut. I'. W. Ellis, Signal Corps
Lieut. J. . Finley, Signal Corps
Lieut. J. C. Walshe, Signal Corps
Lient. R. E. Thompson, Sixth Infantry,
signal officer.
Lieut. F. R. Day, Sigpal Corps ..______
Lieut. W, A. (r]a.sslord Signal Corps__.
Lieut. F, Greene, Signnl Corps
Lieut, J, C. Walshe, Signal Corps

Date.

9

June 29, 30, July 2
to 7, 1890.

Dec. 11, 12, 1889.

June 3, 4, 1890,

Dec. 23, 24, 1889,

Jan. 2, 3, 1890.

Jan. 13, 1890,

Jan. 17, 18, 1890.
Mar. 4, 1840.
Mar. 24, 25, 1890.
Mar. 1-3, 1840,
Mar. 20-21, 1890.
Mar. 26, 1890,
Apr, 22, 23, 1890.
May 18, 18490.
Dee. 17, 18, 1890.
Jan, 21, 22, 1890.

Mar. 20, 1890.
Mar. 6, 1890,
Jan. 30, 31, 1890.
July 22, 1889.
Feb, 3, 4, 1890.

Mar. 3-5, 1890.

Jan. 26, "7 1890.
May 2’& 21 1890.
Jan. 12-14, 1890.

Mar. 5, G, 1890.
Aug. 8 9 1889.
Mar, 23 24 1890.
Dec. 10, 11 1889,
June 11 12 1890.

List of places for which stations have been requested during fiscal year, but not established to

Alabama:

Decatur, July 28, 1889.
Colorado:

Lamar, April 15, 1890,
Florida:

Tarpon Springs, September 16, 1889,

Georgia:

Macon, December 11, 1889,

Rome, April 7, 1890.
Illinois:

Peoria, January 11, 1890.

Towa:

Council Bluffs, February 17, 1890.

Michigan:

Escanaba, February 20,
Oscoda, March 29, 1890.

Minnesota:

 Crookstown, February 21, 1890.

Minneapolis, December

June 30, 1890.

Montana:
Nebraska:
Oregon:

Penn%ylvunm
Reading, A

Texas:

1880. ‘Washington:

Wyoming:

7 1889.

Minnesota—Continued-
Red Wing, February 15, 1890,

Great Falls, December 23, 1889.
Lyons, June 28, 1889.
Ashland, Deccmber 12, 1889,

ugnst 30, 1889,
Scranton, Ju.num-y 30 1890.

Dallas, November 13, 1889,
Waco, Jauuary 14, 1890

Tacoma, May 15, 1890.
* Rawlins, May 27, 1890.
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List or BoarDs oF TRADE,
WHIOH HAD DURING THE FIscAL YEAR E
ComMymITTERS CONFERRING WITH THE CHIEF

CHAMBERS OF COMMERCE, AND OTHER ORGANIZATIONS
NDING JUNE 30, 1890, METEOROLOGICAL *
SIGNAL OFFICER OF THE ARMY.

Place.

—_—

Name of organization.

Committee.

Buftalo, N. Y .cociomn
Cairo, 111

Charleston, S.C - .—--

Chicago, Il ccuee .. -
Concordia, Kans. .-
El‘ie, ) o U

Lyncliburgh, Va ..

Montgomery, Ala .-

Nashville, Tenn - ...

I\:ew Haven, Conn ..
Northfield, Vt. <o

San Diego, Cal -—-...
Savaonah, Ga - - .-

8t. Louis, Mo...cc .o

" Tampa, Fla cccuomnm-

Board of Trade

Board of Trade ..

Tobacco Association

Chamber of Commerce

City of New Haven
Board of ‘Trustees, Norwich

Merchants’ Exchange

Merchants’ Exchange --.---.

Merchants’ Exchange - .- .-

Commercial and Industrial

Association.

University.

Society of Natural History .

Savannah Cotton Exchange --

Nathan C. Simons, Frank W.
Fiske, Chas, H. Arthur.

W. P. Halliday, 1I. H. Candee,
Jno. A. Miller.

Geo. W. Bell, T, Follett Ware,
John Dougherty, Philip Dres-
sel, Geo. Von Kolnitz.

J. A. Edwards, R. G. Chandler,
J. B. Dutch.

B. H. McEkron, Theo. Laing,
Prof. T. A. Sawhill

J. J. Wadsworth, H. S, Jones,
Geo. Platt.

General J. H. Smith, Green H.
Nowlin, J. C. Woodson.

D.F. Lowe, W. M. Marks, W, J.
Orum, F. H. Morritt, L. B. Far-

ley.

Col. D. W. Baird, O. H. Hight,
Jno. W. Morton. :

H. G. Lewis, Johnson T. Platt.

Dr. Geo. Nichols, Hiram Atkins,
Dr. Wm. B. Mayo.

Dr. G. W. Barnes, Dr. H. W,
Gould, C. J. Fox.

C. M. Holst, A. L. Hartridge, .
J. J. Wilder.

J. B. Gandofo, W. T. Haarstick,
W. H. Walze, Louis Helm, John
M. Ganunett, H. B. Jenkins, W,
P, Hazard.

Judge C. E. Harrison, W. B, Hen-
derson, J. I, Sparkman.
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APPENDIX 4.

REPORT OF THE OFFICER IN CHARGE OF THE VERIFICATION OF OFFICIAL
FORECASTS.

SEPTEMBER 25, 1890.

S1r: I have the houor to submit tho accompanying report and tables showing the
percentages of verifications of official forecasts made during the fiscal year ending June
30, 1890.

The various rules and principles that have been developed and perfected for determin-
ing the percentages of verifications of the various elements constituting the daily fore-
casts have already been discussed in the aunuul reports for the two preceding years,
.during which years various important changesand improvements were made in the rules
and principles of verications. During the past year practically no changes of importance
have been made, experience having shown that the varions rules, while necessarily ar-
bitrary in muny respects, are very satistactory and as equally just under all circum-
8tances as possible.

The usual forecasts, as heretofore, have been made from month to mouth by different
officials, except that cnly one official has had charge of the study and forecast of cold
waves.

Phe regular daily forecasts have been for twenty-four hours in advance, but in order
that the public may have the advantageot longer time predictions during comparatively
settled and definite weather conditions, the officials, when possible, have prepared fore-
casts for forty-eight and seventy-two hours in advance. The verification of these has
been determined separately, but the priveiples applied to the regular predictions, where
the percentages of verifications of the forecasts for different lengths of time have been
grouped together or compared, a weight of two has been given to the forty-eight-hour
forecasts and a weight of three to thoge for seventy-two hours us compared with the
twenty-four-hour forecasts. )

The percentages attained in these longer time predictions have compared very fnvop,f;
ably with those for the regular twenty-foar hour forecasts, aud are presented in deti,ﬂ-‘ :
in Table II. y/‘;’
TABLE I.—~PERCENTAGES OF VERIFICATIONS OF FORECASTS FOR THE YEAR ENDING

Juxg 30, 1890. '

1889,
States. .
B th = @ B
S5 8|35 |&

MaING - e oo oo e e 75.9| 83.0| 80.5, 85.5| 84.4 | 79.2
Now Hampshire - .o .coooocoomoooc| 7281 83.7 1 83.9 | 82.9 | 77.1| 83.6
Vermont - - - cceamon e mem 73.0| B1.8| 84.5| 80.1|"76.5| 81.7
Massachusetts - e e oo ocic cocaeocenn 7.7 84.5 87.11 84.8| 79.1| 82.9
Rhode Island - o coceooomeceecmme mem 79.9| 86.6| 858 87.0| 70.9| 85.3
Conneetict - . - —m v mem e e e 77.0 | 80.3] 83.7| 85.2| 72.5| 84.3
Eastern New York..ooooeooooooooo_o 76.7| B4.3 | 82.1| 80.3| 829 852
Western New York - oo cammeuecanne 82.6| 84.2 ! 82.7| 86.6| 80.8| 7.7
Lastern Pennsylvanio, .o oo oooooooo 76.6 ] 85.9| 827 82.3| 80.6( 84.1
Western ’ennsylvania - .. _____..___ 81.1| 84.8| 80.4| 8.7 80.2] 80.5
NCW JErSOY - « o e cvmeceee mm e e e m 7.3 1 826! 7.5 83.5| 80.0| 88.2

elaware - ... ... 69.9 | 87.1] 74.8| 90.0| 78.6 | 8T.7
Maryiand . ccooo o oeee e —m——— 68.1f 89.5 76.0 86.3| 78.9| 86.5
District of Columbia - -~ .veovoeomes 71.2 | 848 76.3! 86.5| 75.9| 85.0

iAo ceee o cmimeaeeeen. o) 715 88.8 B0.5 B3.9| R4.3| 845
North Carolin® .o oovcmoom oo mae | 80.2 | 85.4| 821, 89.9| 84.3)| 87.4
South Caroling ._._.__._ ... e i 80.51 887! 84.9. 92.56! 86.2) 86.8
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TaBLE I.—PERCENTAGES OF VERIFICATIONS, ETC,—Continued.

1889,

States. .
= wo g o B o
Bl l&| 8|2 |4
T e oo e 79.3| 85.4 | 85.3| 89.3| 86.9| 88.7
g:g:ggg FIOTita e oo e g84.11 91.41 93.91 93.1] 850 93.6
Western Florida - oo .. 78.6 | 82.5( 89.0] 91.2| 8.7| 95.4°
AlabaAmMA oo e 78.4 | 87.6| 89.21 87.8| 77.0| 91.1
T 81.8| 93.2)| .87.0| 83.6| 8..7] 92.3
TOWISIADA « oo oo oo oo 84.0 | 885 89.3| 86.2 | 90.2 | 91.2
POXBS e e eemeceeeem mm e — e e 89.2 90.6 81.9 88,2 88. 4 89.0
ATKANSAS - - oo e e et e e 80.1 | 86.3 | 77.31 87.0| 79.4| 85.1
T ennessee . o vn v e e e 82.11 885 825 858 77.3| 83.2
Kentucky. oo ccemaocccmcmmmao oo e n 83.5| 88.6| 84.6 856 78.4| 87.0
OBiO - o e e e 82.3| 857 B0.4| BO.7| 83.7| 84.1
West Virginis - .o oo occoeooomocmaeas 85.0 | 85.0| 86.3| 85.4| 8L.9| 80.9
B rT, 111 WIS 79.7{ 90.5 83.2| 842 81.1| 84.3
TIHNOIS - oo oo 81.4 | 89.8 ) &4.3 | 84.6| 80.2| 83.6
Lower Michigan. .o o oooomoooo- 74.0 | 88.6| B8L7! 852] 854 82.9
Upper Michigan - -_. .ccomoaoeonon 81.7| 78.8 ZO- G| 821} 81.8| 77.4
WiSCODSIDA oo oo oe cme e cmm mmme 79.8| 85.01 78.7| 86.2| 821 83.5
MiDDEBOtA — oo oo e cmcm e mmme e 80.6 1 87.7) 824 85.6| 82.0! 80.1
JOWS - oo oo e e s 8.9 86.3| 79.5| 85.6] 86.3] 83.4
Kansas - - oo oo umnf 83,4 81,0 85,0 | 79,71 83,9 82.3
Nebraska .- 80.2 | 85.2| 8311 86| 80.6] 78.3
Missouri ... 84.4| 88.0| 787 | &2.4| 80.2| 83.5
Color8AO - mm e e e e 84,7 86.6) 833 | 81.6| 7.5 9.7
Dakotd oo e e e mmm 85.2| 89.9| 823 82.3 |..._.___l._____
North Dakota - - oo cooc oo | emcmm e m e e .l 79.4| 83.7
South Dakota SR O S M 79.7 | 80.8
Weather oo ooe oo ccc e cemmma 83.8 | 88.3| 85.5| 89.5| 85.4| 85.8
Temperature .o - .-aeeeecmcooecnca- 72.8 | 83.2| 781 | 79.4| 74.9| 83.0
Weather and temperature combined ._.| 79.4| 86.3 | 82.5 | 85.5| 81.2| 84.7
Pacific Coast.
Sounthern Californig .o - - 93.7 86.9| 86.1| 80.3| 94.5| 85.9
Northern California .- - ceovvmmecaaaaa- 90.0 | 89.2| 88.9| 87.8| 83.7| 90.6
OregOon. —. oo oo cwmm e oo mmmmee 87.7| 88.8| 889 83.6| 84.9| 81.8
Washington_. . oo acreoamc oo 87.8| 87| 845| 78.6| 85.0| 80.7
Weather oo o mme oot 98.6 | 96.9| 96.8| 84.3| 90.9| 89,0
Temperature - -« oo oonv —coeeeeae 76.6 | 74.4| 72.6| 74.0{ 81.2] 78.5
‘Weather and temperature combined ...| 89.8 | 87.9| 87.1| 82.6| 87.0| 84.8
1850, og
52
) i
States. . ﬁﬁ
E E el ol e g" g
8 | 3 g | ® 8 "
S & | 85| < |9 |8 (5%
MRINe - cooeeeeeeeecemmmm e 84,0 1 81,1 | 81.4 1 74.8 1 71.2 | 68.4 (79,1
New Hampshire . - wccemcoceaaaanan 84.1|82.0 8361|727 |77.2 | 76.1 180.0
Vermont . - oot cmeem e e 84.2 | 81.2 | 84.2 | 73.9 | 76.5|79.9 [79.8
Massachusetts .. ocomececnoo- 86.1179.6 | 84.8 176.4 1819 | 76.3 |81.8
Rhode Island .. .- 83.7 184.9 [ 82.4:75.5 7.1 77.8 81,5
Connecticut - - oo eeceeeeee - 80.4 1 83,6 841 | 731 I 7.7 ! 74.5 |79.7
Esstern New York. .o coccuunnnnn- . 83.0]87.6|83.481.1]74.5|77.8 |81.6
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TABLE I.—PERCENTAGES OF VERIFICATIONS, ETC.—Continued,

g
1890. 8 g
B
8
States. . > e
o o . g
=] =) = e . Eo =]
= 5 el = b g -
] © = o 3 & |Sw
- [ b= - = - «.8
Western New York - - oo ommunen.. 82,4 (87.4|75.2|78.9 (882716 |8l
Eastern Pennsylvanisv - cceceoccmcaee. 86.3 | 86.2 | 81.5 | 78.0|77.5| 82882
‘Western Pennsylvania o ccceeemaccoo 83.7 | 81.4|73.9(77.5|86.7|80.3 |8l
€W JOrSeY - oo e e mmmmms e 81.9 | 85.4|814)7.7.|77.2 | 78.3 |8l
Delaware « o - ccacecccvocmmem e e 82.5{85.5 9.5 |76.5|83.5 | 80.6 |82
Maryland .. oo emmacameeee e 84.4 | 84,71 90.6 | 77.1 | 83,0 | 85.4 |82,
District of Columbia - oo amnaaa- 85.7 | 82.7|89.0|78.2 85284582
Virginis -« oo 87.4 | 84.0 1 86.0 | 79.7 | 81.5 | 84.5 |83
North Caroling oo e cececccccmeeee 83.5 [ 82.1 | 85.9 | 80.3]| 820|844 84
South Caroling - oecaeae __| B7.2 | 86.6 | 82.2|80.2|839 | 81385
GeOTZif- - omen mcmecmcccoeccaee —mc| 891 87,0 83.7 | 77.7 | 84.0 | 85.1 |85,
Eastern Florida - .coo oo veooam_oaen 95,2 89.4 | 78.1 | 85.0 | 87.9 | 85.3 |88.
Western Florida o cme oo caemcmeaeees 94.3 | 89.6 | 86.3 | 93.9 | 85.7 | 87.9 |88,
Alabama . oo ees e ie o 89,5 | 84.5 | 84.8 | 82.90 | 80.2 | 89.3 |85.
Misgissippl - oo e e o i e 86.8 | 87.3 | 8L.9 | 79.9 | T8.3 | 83.6 |85,
Louisiana - cccomecv e e 87.0 | 87.3180.8(77.3|80.3 | 87.6 |85.
TOXAS - cemcccce et e e ———— e 00.2 1 86.3 [ 81.1 ] 78.9 | 86.1 | 92.6 |86.
ATKENSAS oo cecm e m oo 7.5 | 83.3 182.3|78.9|78.8185.7 |82
P eNNeSSeO e e e o e e e 84,1 [R5 86.270.5| 8.8 .82.5 |83
Kentueky o oo oo mei et RY.1|85.6183.9]821|79.8,86.1 84,
cOhi0 - oo e e e 5 R2L9 TS| T4 | BT I B2.6 |81,
Wegt ViTginith - -oooe o omom e eem oo o | 81.1] 7.7 | 76,9 | 81.9 | 83.9 |82
INAIANA - - o e e e e 7.7 | 79.5 | 77.4 | 80.5 | 87.0 ; 80.9 |83.
T1in0IS « c e e - 5.3 86.9182.8(83.0|86.9)84.8 84,
Lower Michigan - oo ommanao 5.3 186.982.1[80.077.779.5 82,
Upper Michigan oo 2.1 179.6]79.5|78.6]75.9]|76.3 |78
WiISCONSIN - o - ocm e cmmcm e cmcc e 4.7 1 80.6 | 82,1 |78.5 | 75.7175.9 |8l
MiNDESOLD - e emmmecmem e m e e e 2.9 | 82.2|79.4180.1]71.0]|72.3  80.
TOWS — i cccccec e reemcm—e e .1]85.1]798.680.7(81.4|73.3 |8l
Kansas .o cceuuos 41811 75.2 171,21 79.4 | 79.1 |80.
Nebraska .4 | %0.6 | 80.5|76.6 | 81.2 | 74.7 |60,
MiSSOUTE - o ccmecmccce mm o cmcmccmcaee 5.0 79.6|82.6|70.9|86.3|88.1 82
Colorado . o cc e s .8179.3|71.7|81.2|76.3|86.3|80.
DaKotd - - cecevce e cmmmcmaccsaceef e mmae|cm e e e e e e cm o 84,
North Dakotd - o ceceocl o crcccene 78.7 | 83.4177.4|85.9|68.8|72.7 |78
South Dakota 7 2.2 81.48.3|78.6)79.5 |81,
Wesather .- oceoon 81852 |821(835)82.6/84.6 |85,
Temperature .5 (822815717 |71.7|75.9 |78
Weather and temperature combined .| 85.3 | 84.0 | 81.9 | 78.8 | 80.6 81.1 |82.
Pacific Coast.
Bouthern Californis c o oooeucmmacann 88.3 | 89.7 1 82.1 877853926
Northern Californi@. .o coe_a. 86.9 | 8R. 9 | 82.8[85.1|78.9|88.9
Oregon - - ccccm e emme e eem———nn 90.8 | 77.1 75,9 | 81.7 | 82.6 | 77.8
Washington . e oo oo cmonm e 87.8 | 84.2 1 78.4]75.9|80.9 | 79.5
Weather oo cenccrccmeccccnicccc——- 90.1|89.4 87.6 (91,7 (891|924
Temperature - eoeeceemee —vocamama- 86.0179.268.1}169.1|71.1}73.1
Weather and temperature combined .._| 83.5 | 85.3  79.8 | 82.7 | 81.9 | 81.7

QAIWHPDOONIION=IARUNOIDHICOONNBRNHWRNM=EAOAWWOIOOM

11945 s16——5
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TABLE IL.—VERIFICATIONS OF FORTY-EIGHT AND SEVENTY-TWO HOUR FORECASTS FOR
THE YEAR ENDING JUNE 30, 1890,

Forty-eight hours.

Seventy-two hours.

No. of fore- | Per cent. of verifi- | No.of fore-| Per cent. of verifica-
casts. cations. casts, tions.
£ ;
B 2
Month. g% a%
. |24 : 55
2 ¢ | =2 2 g =
£ E |22 g 5 | &8
. -~ . 2 . -~ - <
1 ] = < P ] ] Y < o @
2 3 £ ] 2o | £ 2 < 5 3 e
= 2 = g |25 | < | &) & g | =5
a3 o o = o= & =} = =) =2
© g o § 2= | 2| 8 S g | 8%
= & = = | F 7B B & B
1889.
July . oo 19 41 [ 67.1 | 71.5 | 68.9 f.o.-|..__.[. SN ISR T
August ________ ot | 36|77 | 94.4(80.6 [.—...| 8|.._22771100.0| 1000
September .__.._ 33 44| 73.2 1 83.9 1 78. ¢ 13 7 9.7 35.9 | £1.38
October._ . .___ 245 | 45 [88.8 947 |9L2| 7| 1]100.0100.0 {1000
November.._._. 106 628418841858 [cacafoaai)a.. S
December . .___. 158 92 | 74.5 | 84.9 | 8.7 | 34 T ™M.4| 86| 79.0
1890.
January - ._.... 2 51 {100.0 | 85.7 | 86.5 |oeco|oeo|eel eaan el
February .--.... 50 44 | 63.2 | 84.3 | 71.0 7 71100.0 14.3 ) 65.7
March .. .o.... 195 | 132 | 78.5|94.2 | 83.3 T 34| 89| 865 85.6
April oo ____. 861 421869774 | 78.8 jeeeec|oeon o
M8y - oot 195 | 51778 | 70.2 | 75,9 |oceo|ooaocfe o CTT) T
June oo 43] 102 | 83.8|72.2178.6] 6| 8| 9L7| 61.2 77.4
Total .__[1,091 | 742 [ 80.G | 83.9|8L6| 74| 72| 87.9| 72.7| 80.5

TABLE III.—STATEMENT SHOWING PERCENTAGES OF JUSTIFICATIONS O
¥ WIND SiG-

NALS ForR THE YEAR ENDING JUNE 30, 1890.

. d
E: £ Cautionary. Storm.,
3 Justified as §
ff to velocity. ;i Justifie d as Justified as
Month. 3 - to velocity. to velocity.
g a
- L=} < . - .
L - O T - - N O A O N
O - - - S O - I - R - T
=] = 7
SlE|&| B82S |&|& || &
1889.
JOYemememe| 23| 13|l 22| es| 13| ____l_.._\l____1.
Angust - -oeeo 46 30 [-o-...- 45 45 29 |.__.__ 1 S
Seplember. .- 155 95| 10, 151 14| 3| 271 41| 2| s
© Qctober «——c---- 119 81 51 110 96 65 1 23 16 4
November.... ... 122 82 4| 120 99 63 1 23 19 3
December ... 71 50 5 62 49 35 1 22 15 4
1890.
January . ..-.-- 90 76 4 83 62 52 2 28 24. 2
February --...- 110 76 71 107 63 40 3 47 36 4
March < ccaeeeae 110 ki 81 102 72 50 4 38 Ded 4
April e 69 43 2 66 55 34 1 14 9 1
May . cccmceeaa-| 154 80 13| 120 126 66 5 28 14 8
June - v 43 22 1 43 39 19 |.._._. 4 3 1
Total ._.|1,112 | 695 | 59 |1, 040 | 843 | 539 | 20| 269| 18| 39
. !
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TABLE IIL.—~STATEMENT SHOWING PERCENTAGES 0¥ JUSTIFICATIONS OF WIND Sig-
NALS, ET¢.—Continued.

-] 0
For easterly For westerly = E g
winds. winds. E] &g -
ol @ o °cn
Month 8% | 5% | g3
onth. o L1 o L=l [T~ & &8
> @ o Q L 5 @ ~1-]
b =] = =t ==t L=l =] =1
) 3 S is g% £5 85
= z E g EE El 5
o = o - r4 z A
1889
July oo 11 10 12 12 21 4 46.6
Augast . . _____. 18 17 28 28 12 b 66.8.
September_ ... .____ 71 67 84 81 21 (:] 71.6
October . ... __.__ 65 56 54 D4 14 26 69.7
November_____..___. 56 54 66 66 26 16 70.1
December . .oceoooo_ . 30 22 41 40 20 4 68.6
1890.
Jaouary. ... ... 16 12 74 71 24 16 4.7
February. . . ._.___ 28 27 82 80 14 10 5.5
March oo 49 44 61 58 24 10 71.6
April o . . 34 33 35 33 14 5 68.0
BY cecm e ceeeee 40 32 114 97 32 8 60.0
JUune. ccae e 27 27 16 16 16 1 59.8
Total - oo 445 401 667 ‘ 639 238 | 111 | *61.1

* Ycearly per cent,

TABLE IV.—PERCENTAGES OF JUSTIFICATIONS OF CoLD WAVE SIGNALS FOR THE
YreAr ENDING JUNE 30, 1890,

Per cent.
Month. Ordered. Justified. | of justifica-
tions.
1889.

Ju]y ______________________________________ L N U
August o [ PR PR
September .. ... ol 2 L PN
October .o oo o e LU R
November - o . cvcoom cmcee e 161 51 | 31.7
December. - oo oo e 219 122 55.7

. 1890, .

January oo oo b 395 264 66. 8
February o o oo iccc e cccceameeas 412 228 55. 8
Mareh oo e e 74 29 39.2
April o .. 33 13 39.4
BY e e e cmmmmemmmccccc b - {1 R S
JANG oo e (1 S
TOtal oo cemmcecmm e e mmmmee 1,296 707 54.6

Norte.—During the year only 18 cold waves occurred without signals, and no signals were orderd
late, that is, after a fall in temperature sufficient to justify a signal bad oocurred.
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TABLE V.—DPERCENTAGES OF FOREC
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AST OFFICIALS FOR THE YEAR ENDING JUNE

30, 1890.

-

. | & ) g0 c B

' $ B 28|54 a8

Officials, Months. = EE|BE|=e | &8

8 | E- |38 | 8n 88

Bo|e |Fe B |23
Captain Allen --ecoovecee_. September, 1889._-.| 85.5 | 78.1 | 82.5 | 71.6 | 79.4
December, 1889 ... 85.8 [ 83.0 | 84.7 | 68.6 | 80.2
March, 1890 o oen- 82.1|81.5|81.9|71.6 | 79.0
Annual average_-| 84.5 | 80.9 | 83.0 | 70.9 79.5
Captain Dunwoody .ee.oe..- August, 1889 .-- Sfj. 3(832|86.3)66.8( 80.7
January, 1890 .- 85.3|84.5 {853 74.7]| 82.3
Annual average.--| 87.0 | 83.9 | 85.8 | 72,0 81.9
Lieutenant Thompson ... July, 1889 - on-- 8:}. 8|72.8|79.4 | 46.6 70.0
November, 1889 . .| 85.4 | 74.9 | 81.2 | 70.1 78.0
April, 1800 oo 83.6|71.7{78.8{68.0} 75.7
Annunal average__| 84.2 | 73.1 | 79.8 | 66.2 | 75.9
Lieutenant Glassford...____. February, 1890_._-- 85.2182.2 840 7.5| 81.6
May, 1890 —o—comoev 82.6 | 77.7 | 80.6 | 60.0 | 74.7
Annual average_.| 83.9 | 80.0 | 82.3 | 66.3 | 77.7
Professor Hazen oo October, 1889 .~.. - 80.5|79.4 | 85.5 | 69.7 81.0
June, 1890 cc ceeo-- 84.6 ] 75.9 | 81.1 | 69.8 75.0
Annual average_-| 87.0 | 77.0 | 83.3 | 66.8 | 78.6
Lieutenant Maxfield_.__.._. July, 1889 o aceeme- 98.6 | 76.6,( 89.8 [-ea._ ..
August, 1889 o caa 6.9 | 74.4 | B7.9 {o o |ec_-
September, 1889.--.| 96. 81726 | 87,1 {eceefaaeae
October, 1889 —__.-- 88.3 | 74.0 | B2 6 |-ccui|amacen
November, 1889 ___.1 90.9 | 81.2 | 87,0 |ocu_ [cono-
December, 1889 ....[ 89.0 | 78,6 { 84.8 |______|_____.
January, 1890 ... 90.1 | 86.0 | 88.5 | oo fucceun
February, 1890.._.. 89.4179.2 | 85,3 |ccue foce-
March, 1890 _._____. 87.6 [ 68.1 | 79.8 |aeon |-
April, 1890 . omo_ 91,7169.1 827 |._. |7
May, 1890 ————._._. 89.1}71.1 81,9 |-\~~~
June, 1890 ... 92.4 1 13.1 | 84.7 | coemeat
Annual average._| 91.7 [ 75,3 | 85.2 |ocee fecann-

Respectfully submitted.

C. F. MarvIx,

Assistant Professor in Charge of Verifications.

The CHIEF SIGNAL OFFICER.
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APPENDIX 5.
REPORT ON FORECASTS OF COLD WAVES.

SIGNAL OFFICE,
Washington City, July 15, 1890.

S1r: I have the honor to make the following report on the forecasts of cold waves for
the year past:

A'change in the Signul Servive definition of a cold wave was made in November,
1889. According to the new rule no cold-wave signal can be verified for the States of
Moutana, North and South Dakota, and Minnesota unless there is o 20° fall of temper-
ature in twenty-four hours, going as low as 32°, Ior the States of Wyoming, Colo-
rado, Nebraska. Kansas, Jowa, Missouri, Wisconsin, 1llinois, Michigan, Indiana, Ken-
tucky, Ohio, West Virginia, western Pennsylvania, New York (except New York City
and Long Island), Couneeticut, lthode Island, Mussachusetts, Vermont, New lIampshire,
and Maine there is required for veritying a cold-wave signal a fall of at least 18°in
twenty-four hours, with tbe tewnperature going to at least 34°.  For New York City
and Long Island, castern Pennsylvania, New Jersey, Delaware, District ot Columbisa,
Maryland, Virginia, North Carolina, South Carolina, Tennessee, Georgia, northern
Alabama, northern Mississippi, northern Louisiana, Indian Territory, and Texas (ex-
cept a strip of 100 miles along the Gulf coast) a fall of at least 16,° going to a temper-
ature of 36°, is required to verify a cold-wave signal.

A frost-warning flag, the same as the cold-wave flag, white witha black square in the
center, is displayed at stations in Florida and at places within 100 1iles of the Gulf
coast when ib is anticipated that the temperature will fali to 32° or {reezing point, re-
gardless of the extent of temperature-fall by which it may ho preceded.

This rule is & wide departure from that of preceding yoars, whena 15° full, going to
45°, was suflicient to verify the display of a cold-wavo signal at any station.

In the following table is given the number of cold-wave sigoals digplayed at places
throughoun!. the United States during thoe various months, also the number of sigoals
verified for each place and the number of severe cold waves which occurred when no
signals were displayed. '

A severo cold wave is a fall of temperature in the districts above enumerated 6°
greater than the least fall for which a signal can be verified and going at least 6° lower
than tho highest temperature for which a verification is given and the area of full ex-
ceeds 50,000 square miles in extent.

COLD-WAVE SIGNALS.

Nov., | Dec., | Jan., | Feb., | Mar., | Apr., Total
1889. | 1889. | 1890, | 1890. | 1890. | 1690. otal.
S
Localities. Eg
'U. . - o 'a 'U. 'c. E‘a
SlalBle|Els|Ble|Bls|2lslEe(38
Tl el g2 g gSlIES 2|&les
IR AR R A R D-c"E Qulep Gl | Bufopt | ©%
il g,2|lg8l3 2|0l B|S|5] & >'E
Alglal|s|alr[al=lals|als|a|r |#
Portland, Me. .- occacemaamee 1.1 3 2 4 21 6 5 2 1V...j...] 16 10_...
Boston, Mass . - cecmeaoaan- 1.0 3 2 & 4| 6 4 2._.|---|--.| 17| 10].._
Manchester, N. H_ oo 1) 3 9 & 4 6 4 2--.|--.]---] 17 10
New London, Conn - eee-nco| eeej 3] 2 5, 4 6 3 1. 16] 9{----
New Haven, Conn _..._-—_. 1| 1 2 ¢ 5 4 6 3| 1|.__[-—.f---f 15] 10f._-.
Albany, N. Y o oo ameee 1...| 3 2 6 3 7 3 2__.|...---|18 8_...
New York City - cvveeceacee oo 3 2 6| 3 v 4 1--|ooojeao[ 1Y 9ene-
Harrisburg, Pa - ccccavoooandooloo 2 2 5 4 & 2 1____l.__t18 8. ..
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CoLD-WAVE SIoNALs—Continned.

i Nov., Dec., |Jan., | Feb., | Mar., | Apr.,
1686, 1889, | 1890, | 1890, | 1890, | 1800, | Total
Ba
Localities. | E Eo
< ' A E - R I R~ E A= o =@
5l Bl |BleiBls| Bl B S lg(C8
2a 2lal2le| g1 i slSlall|a 2%
215 EI5|&\512|8 2|5 8|5|2|5|5%
Eiga|&|A|r|alF|AalF AR A|lF &
Philadelphia, Pa__.________. ... 1 1 8 3 4 3 1|12 7----
Baltimore, Md.__.____..___. A2 1 1] 6 3050 3 1| 18] 7jeeee
Washington City .. --._. I VU S N N | CO PR B | R PO
Lynchburgh, V& cccoemecoeenf 2 1 11 1) 61 30 5 S 1ot 15 8.
Norfolk, Va «ccooaamnaaoa. 1 11 1 6 2 6 41 1116 9....
Charlotte, N. C. . __..___.. o..., 1 1 6 3 5 3 1 1..|...|16 8§ ___
Raleigh, N. C__.__._._.__._. 9., L 14 6 2 & I L...l__|._.115 6|.---
Wilmington, N. C.. ...l || 1.0 40 20 2 1. L {7 3
Charleston, S. Cooee.oooooo o Loeeel -] 40 1 30 1)1 T 9 8l
Columbia, S.C oo _.__. [1f_f o] 4 2 3 2 1 1.__l_.110 Bi..--
Avgusta, Ga. .. .______._. P11 1. 6 R Z-o|eo.ioa_foll | 10; §|----
Savannab, Ga-._.._o.._ ... SN U s | R " 1 Y V[ LSO St I ([
Atlanta, Ga oo oo o 3o 6 2 4 3o |aoi|o| 12| B|---.
Montgomery, Ala. ... JROR R T | PR B { 2 2 oofeae]-o {100 8-
Vicksburg, Miss ... ... | vo_f 6 3 3 U l__t11 4].._.
Oxford, Mis8 <cocemvoun oo 2__| 3 1 6 3 T, 2__|---|._.l-._|18 6..__
Meridian, Miss - _.-___.__. U 1 o6 2 3 21| 4
Shreveport, La.____.._.___.__ 1 1 1o b 3 Bee-loolll 1 10] 4.
Fort Smith, Atk - ..__ 3__| 3 1| 7 4 ol 3L 1 7|18 & __.
Little Rock, Ark____.____.__ g0 31 7 3] 5 2o |-..i_.|---| 18] 6l....
Palestine, Tex ... ._._.__. b A | PR SN U PR ---|---'--- R N SR SR N p
Abilene, Tex _____.___.___.. 1 Moo 2 2 2 oot B Blo__.
Memphis, Tenn. ._._.__..__. 3__.| 4 1 6 3 7 2 1 y._.j..|2 7.___
Nashville, Tenn ____...._... 3 10 3 1 6 3 6 1 1 1. .|..]19 7____
Chattanoogs, Tenn .__.._...__ 2i 1 3. o 1 5 2 1f._... _{.__| 14 4|____
Knoxville, Tenn . _.......__. 2i 11 1.-.| 58 2 6/ 2 1] 1-._|-__|14] €|____
Louisville, Ky oo cuoeoamuao 4___| 4 2 § 4 & 3 1 1___|__.|2510. __.
Indianapolis, Ind __________ .. 4 1] 6 3 o6 4 1 11 1y 1] 2| 10 __.
Cincinnati, Ohio ____________ 3] 1| 4 2 71 4 8 3 1-_.1 1/_..|23 10.__.
Lexington, Ky . _._.__._.__ 4 1/+4 2 8 4 7 2 1 1|___[___| 24| 10.__.
Columbus, Ohio ._....__.._. 3 o 4] 2 7 5 7 & 2...| 11 124 15 ___
Puarkersburgh, W. Va _______ 3| 1 3 2 7 4 7 3 2 2 1._..23 192 __.
Pittsburgh, Pa .. ___________ 3 2 4 2 7t 5 7 4 2 1} 1___|24] 14| __.
Oswego, No Y _ ... _.. .. 4] 3| 5 5| 6 3 2-_.| 11 1519 12_._.
Rochester, N. Y _____....__. .-} 3 2@ b5 5 6 3 1U__| 1t af 179 13-
Tthaca, N.Y .. .o .- 3 2 6 4 6 2 r...| 1/-..l17 8_.___
Buffalo, N. Y. ooooooo_.__ 1 1 21 2| 8 5 6 2 .. | 1} 1} 16| 11joue.
Erie,Pa.__. .o 2.--| 5 2 b 4 6 1} 2___| 1| 13121 8___.
Cleveland, Ohio_..____..__.._. 3 1 6 2 6 5 T2 2 1 1 12412
Sandusky, Ohio_ .. ____._____ 3 2 4 31 6 4 7 3 2_...{ 1 1|93 13.._.
Toledo, Ohi0 .« v vee e 3,..| 2 1 & 4 7 2 1.2 1 179 8
Detroit, Mich_ ... . ___. ol o 1 5 4 7 9 1. |0 +"
Port Huron, Mich. .____.___. 20---| 2 1 8 4 6 1 __.|_._._.l16] €|l.___
Lansing, Mich ___.__..______ Hooo| 20 1f B 4 7 2 1 1...|-__| 16! 8|.__.
Alpena, Mich_._____________| 1.} 2 1] 2 2 6] 4] 1______{.__|19f "7___.
Sault de Ste. Marie, Mich._._j--.[--.] 2 1| 2 2 & 9 1___|-._[._.l10] &.___.
Marquette, Mich______ ______ 20 1y 2 11 1 1 6 Bi__.|__.l_)--_| 11 6.___.
Green Bay, Wis _______ .. ___. B--| 3 2 3 2 M ..|--leog1 oo
Grand Haven, Mich..._..._.__ .1 11 1f 3 3 5 3 JEI SR N I & | I (S
Milwaukee, Wis____.___.___. b1l 3 2 b6 4 7 4-..|--_|--.-_.0 16] 10|.___
Chicago, Il._. .2 - __ 7. SR - I L TR (LI R A lepl 1117770
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CoLD-WAVE SicNALS—Continued.

71

Localities.

Duluth, Minn ... ... ... -
St. Paul. Minn
La Crosse, Wis___.__
Dubuque, JTowa. ...
Daveuport, Iown ..
Des Moines, lown .
Keokuk, lowa_. ..
Springfield, I1l.___ ... _...
Cairo, 111
St. Louis, Mo. ... ..
Columbia, Mo
Springficld, Mo
Kansas City, Mo ......._..._.
Wichita, Kans’
Concordia, Kans
Omaha, Nebr_ ... ___
Sioux City, Iowa
Valentine, Nebr. .
Yankton, S. Dak
Crete, Nebr. .. .. ___. ...
Leavenworth, Kans
Topeka, Kans ._ .. _.....__...
Huron, S. Dak ... .. ..o
Moorhead, Minn
St. Vineent, Minn
Bismarck, N. Duk
Fort Buford, N.Dak.. .. ___.
Rapid City, 8. Dak
Cheyenne, Wyo
North Platte, Nebr
Denver, Colo. .. oo
Montrose, Colo
Pueblo. Colo. .. _.__.__.
Dodge City, Kans - ____...__.

Nov., | Dec., | Jan., | Feb., | Mar., | Apr., Total

1889, | 1889. | 1890. | 1890. | 1890. | 1890. otal
S
g
. . . . . } .. o U
BlolB ol BBl B B2
AR A A R R R Py
— | glm Qs 8A|[=~|Q| Q= & | |E =0
AR IEHREHEE R
alela glais|rlzlalr|a|>|A|ls|BF

. ’ |

ol of 3 9o a3 9 6 5 1.0 ..|---| 15 11|
o0\ 3 2 3 3 5 4 1. 1 1|15 10.___

ol | 3 2 4/ 3 6 3..'._.) 1v..[17 8

2. 3 3 5 4 7 4 1 1] 1..|19 12
271 3 3 5 8 6 ¥ 11 11811 1
ol 3) 4 30 4 3 ¢ 5 1 1 v.._l1g 13....
o 1 o4 a4l s 3 6 4 11 11913 1
o 1 4 o 7 & 7 5.1 .- fe1l14 1
2.0 4 1 7 4 6 ¢ 1 1......| 20 8.
ol 1) 4 1| 7 6 & 3 v 1. |20 12
ol | 1| 1| 4l g8 5 4. 1_..|12 §.--.
o 1| 4| o 4| a8 4 8| ..l 14] 9.
2. | 4 1 4 4 ¢ 4 1 1 11810 __.
ol o 4 3| 4 4 5 4. __'._|.___.]1s 13]....
ol .l 4 3 o 2 5/ 4 1| 115 9 __.
ol 9! 5 5 3 9 5 5 1 1 1_..117 15/---.
2 o 3 3 3 of 6 2. 10017 140
o o o [ o 1 8 9.l 11 110 6----
-] 82 226 5 1| L1839
o o 2l 3 o2 o3 3 101 112 6.
2 .| 3 8 4 4 ¢ 4 1 1) 1 17112
1| 3 3 4 4 6 4 1 1 11612
of ol 3 9 3 9 4 3 1.l 1 114120,
11 3 3 3 3 2 2.-l-l--l| 99 2
B I | e o I I T
271 2 11l e 7 4 3
1 1) 9 o vl 1 oAl |il--|-l 8| 4 1
P = Tt et B A N B A o
2 1---&-. 31| S e 1] 1) 4 3 ...
of 3| ol._| o 2 4 38._._|. 1|...111 6-...
ST | P ST Y Y OO DO T 1 OO | - S
11| S 1R O SRS O R S -~ I (O
1 1| Yool 2 Ao 4 2.
2 2--_r__ 11 4} TN O O I "

|

In the table following is given a condensed summary of the cold waves for the yarious

months.

There is also given the number of falls of 18° or more when there was no

verification of the signal on account of the temperature not falling to the verifyiug limit.
In addition there is given the number of 16°, 14° and 12° falls going below the verily-
ing limit for which no verifications were allowed. b
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SUMMARY OF COLD-WAVE SIGNALS, 1889 AND 1890.

3 P B e s | )

HxlE | (s 8 (2|58 b

B(|S | |a|s|E|A ]| <] ~
Cold-wave signals ordered.- -~ coo--- 2| 0:161 1221 1395 412 | 74 | 33 1,298
Signals veritied - .o cemee 0 j---.1 51 1122 1265 |229 | 29 [ 13 | 709
Pereentage of verification. ... .__o_-—- cmeefemo- 321 65 1 67 | 56 | 39 | 39 55
Severe cold waves without signals.._...-- 1] 0 l 0/ 0 41 9| o] o 14
Eighteen-degree orgreater falls not verified.|--.-{..--} 922119132 | 5 0 87
Sixteen-degree falls not verified.._ .. ..-- cmee|--=d 11 512716 3] O 47
Fourteen-degree falls not verified_ _ .. ._.—-|..o-]----[ 13| 4113} 922 2| ¢ 54
Twelve-degree falls not verified .. ... el 1B B 922 11| O 63

! !

The percentage of verification, 55, is a little less than that for last year which was
56.8. This is due solely to the change in the rules for veryifying. If verifications were
allowed for the falls of over 182 which did not quite reach the limit of temperature, and
also for the falls of 16° and 11°, which would have madc the verification on the same
basis as last year, then the percentage would have heen 6Y instead of 55.

As 1o what should properly constifute a cold wave 1t s very difficult to determine.
Whether a very low temperature or a great fall in temperature shall be covsidered the
essence of a cold wave is a mooted question.  The Signal Service practice and definition
have nlways been to lay stress ruther on the great falls in temperature than on the low
temperatures. I'he popular conception of a cold wave, however, is in most places asso-
ciated with a low temperature, at least in the winter scason. In the summer, however,
references to cold waves by the newspapers relate to a fall of temperature and not so
much to an abnormally low temperature for the season.

When the temperatures are low, considerable falls of temperature are not so apt to
occur as when high. Many exceedingly important falls, both aa regards the comfort
and business interests ol the community, are comparatively small falls when the tem-
perature is already quite low. For instance, at Washington City the past season the two
most important, falls were those of November 27, 18%9, aud VFebraary 20, 1890, which
wero only 12°, and although flags were displayed no verifications could he given under
the rules as they stand at present.

For South Caroling, Georgia, Alabama, Mississippi, and Louisiana the limit of 36° for
verifying acold waveistoo low. Thegreatfallso! temperaturcintbatsectionare far short
in most casesof reaching s0low a temperature.  1nsone instances last season where ¢old
waves were not verified the public nevertheless was well satisfied with the predictions.
At Montgomery, Ala., for instance, there was oune case ¢f'a fall of 3G° when o cold-wave
signal was dispiayed, which was not verified, as the temperature only went to abount 38°.
While it 1ay not be expedicnt inost cases to order a cold-wave flag displuy unless the
temperature goes to 36°, yet when the fall is great it wonld constitute a valnable warn-
ing to & community and ought to be siznalized in some way. It is not « possible thing
to predict a temperature in a prospective cold wave as near as 4°.  Whenever a cold
wave is anlicipated and the temperature is expected to go nearly to the Jimiting tem-
perature the tendency is to put up acold-wavesignal soas to make sure of doubtful cases.

1 would recommend that hereafter, wherever a 24 fall of teraperature in twenty-four
hours is anticipated and the Jowest temperature is to be about 36° 10 44°, that a state-
ment of the anticipated fall be made in the forecasts in addition to the general forecast
of temperature. A forecast would tlien rcad about as follows: “*Alabama, lower tem-
perature; o fall of 36° at Montgomery.””  This would probably he an acceptahle inno-
vation to the public and would be a satisfuction to the forecastier of cold waves who, in
the closo cases where flags are not displayed, is always in fear that a cold wuve wit'hin
the meaning of the definition may be missed.

The whole number of places where severe cold waves occurred when no flags were dis-
played was ouly fourteen,

A plan for the forceasting cold waves in the future has been devised. The details a8
far as have been worked out are given in the paper accompanying this report entitled
¢ ¢ Prediction of Cold Waves from Sigpal-Service Weather Maps.”” This plan of fore-
casting it is proposed to put in operation the coming season.

It is believed that forecasts made in accordauce with this method will be more trust-
worty than those of the past year.

: Very respectiully, T. RusskeLL,
In Charge of Cold- Wave Warnings.

General A. W. GREELY,

Chief Signal Officer, U. S. drmy.
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PREDICTION OF COLD WAVES FROM SIGNAL SERVICE WEATHER MAPS,
[By Thomas Russell, Assistant Professor, Signal Service.]

: WasHINGTON CITY, July 28, 1890.

In addition to such changes of temperature as take place regularly from day to night
there are also large irregular falls of temperature occurring from time to time over great
arcas of conutry. Warnings are issued from the Signal Office, Washington City, by tele-
graph to various places throughout the country whero it is anticipated that great fallsof
temperatare are about io occur.  ‘I'ho hasis o1 the warnings are the meteorological con-
ditions observed instrumentally at 141 stations of the Signal Service scattered over the
whole extent ol the United States, an aren of about 2,970,000 square miles, excluding
Alaskas, and from 21 other stations in the Dominion of Canada; 9 in the far Northwest,
and 15 in the Maritime Provinees.  The observations aremade twice wday, at8a. m, and
8 p. m. Special observations are sometimes made during the day, as called for from the
Washington oflice, whenever the data of the 8 a. m. observation does notappear decisive
as to what is about to occur,

‘The cold-wave flag, white with a black square in center, is lLioisted at Signal Service
stations whenever a warning of a great fall in temperature is issued to the place. The
telegram states the lowest teraperature that may be expected and the time of its occar-
rence. The cold-wave tlag is displayed at signal stations in Minnesota, North Dakota,
South Dakota, and Montana when it is anticipated that there will be a Jall of tempera-
ture of 20° or more in twenty-tonr hours, and the lowest temperature goes below 32°,

The cold-wave flag is displayed for o fall of temperature of 18° or more, falling to ab
least 34°, at Signal Service stations in Wyoming, Colorado, Nebraska, Kansas, Iowa, Mis-
souri, Wisconsin, Illinois, Michigan, 'ndiana, Kentucky, Ohio, West Virginia, western
Pennsylvania, New York State except New York City and Long Island, Connecticut,
Rhode Island, Massachusetts, Vermont, New lHampshire, and Maine. .

The cold-wave ilag is displayed for a fall of 16°, going to at least 36°, at New York City
and Long Island, and at stations in New Jersey, Delaware, eastern Ponnsylvania, Dis-
trict of Columbia, Maryland, Virginia, North Caroliua, South Carolina, Tennessee, Geor-
uzia, northern Alabama, northern Mississippi, northern Louisiana, Arkansas, Indian Ter-
ritory, and Texas, except a strip 100 miles in width alouy the Gulf coast.

A frost-warning flag, the same ag cold-wave flag, i3 displayed at stations in Florida
and in other States at places within 100 miles of the Gulf coast and in the Pacific coast
States when it is anticipated that frosts will occur, regardless of what the preceding fall
of temperature may be. A {rost or {reczing tergperature may occur at the ground in
these places when the temperature in the Sigual Service thermometer shelters, which
are usually at least 40 fect above the gronnd, does not go any lower than 40°,

"Tho falls and temperatures given abovo are the least which cun justify a display of a
cold-wave sigual in the varions districts. When acold-wave warning is issued and these
limits are not reached, the warning is considcered a failure. The falls in temperature
for the various districts are not, however, considered of great importance unless they are
6 greater than the least Jalls given above, fov which a cold-wave warning ean be justi-
tied, and the temperature goes at least 6° below the highest justifying temperature,
These latter limits, 6° zreater than those given above for the varions districts, and the
temperature going at Jeast 6° lower, constitute what is ealled a severe cold wave, when
the 20° fall of temperature covers an area of at least 50,000 square miles.

For simplicity in discussion, a cold wave will be considered here as a 20° fall of tem-
perature in twenty-four hours, covering anarea of at least 50,000 square miles when the
temperature in any part of the arca goes to at least 36°.

There are many falls in temperature of less than 20° a knowledge of which would be
of importance. ‘The Jowest temperatures at & place rarely occur with the greatest talla.
I'he greatest falls are apt to ocenr when tho temperature is high for the time of tho year.
A temperature of 60°in January, for instance, is apt to bo followed by a fall of 40°,
With o temperature of 20°, however, thero is rarely Iikely to be a fall ot more than 10°
or 12°.  Small falls at low tempoeratures are noticed more by the public as affecting per-
sonal comfort or business interests than large falls when the temperatures do not go o
very low.

‘The main thing, however, that a Signal Service cold-wave flag is meant to signalize
is u prospective yreat fall of temperature rather than a very low temperature.

‘There is @ great mass ol meteorological material in the Signal Office at Washington
City available for the investigation of cold waves. L'or the purpose of forecasting the
weather the observations made twico a day all over the country are charted. These
observations include the barometric pressure reduced to sea-level, the temperature, rain-
fall, wind velocity for five minutes preceding the time of an observation, and also
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greatest wind velocity in preceding twelve hours, the weather at the time of observa-
tion, whether raining or snowing, or whether the sky is clouded completely or only
half cloudy. These two maps, which are called the weather-maps, with their isobaric
and isothermal lines, generalize the observations of pressuro and temperature over the
whole country. They are printed and issued to the public two hours and a half after
the time the observations are made at places all'over the country 1,000 or 2,000 miles
from the central office in Washington.

In addition to the weather-maps aunxiliary charis are prepared at the Washington
office for forecasting the weather. On one the rises and falls of pressure for the past
twelve and tweuty-four hours are shown by lines joining the points of equal rise and
fall. The falls of 0.1, 0.2, 0.3 of an inch, ete., are §hown and also the rises. The twelve-
hour changes are in blue pencil Jines, the twenty-four hour changes in red.

Another map shows the changes in temperature. The twelve-hour changes, corrected
for diurnal range, are in hluc; the twenty-four hour changes are in red. Anotherchart
gives the kinds ot clouds, stratus, cumulus, cirrus, ete., the lower clouds in blue, the
upper in red, and the extent of sky covered, whether one-quarter, one-half, or three-
quarters, or all covered. The cloud chart givesalso in the morning the minimumn tem-
peratures observed by means of the sell'-registering‘alco.hol thermometer, and in the
evening the maximum temperature from the self-registering mercurial thermometer.

Another chart gives the temperature of the dew-point of the air, that is, the tempera-
ture to which if the air is cooled dew will begin to be deposited.

The temperature-cbange charts, by the twenty, thirty, forty, ete., temperature-fall
lines, show where a cold wave is prevailing.  ‘They are very various in extent, sometimes
covering epormous areas of country. Tn the greatest, th.ut; of January 17, 1882, the 20°
fall line included an area of 1,101,000 squarc miles, while the 10° fall line included an
area of 2,929,000 square miles. In another almost as ]urge, that ol IFehruary 17, 1883,
the area within the 10° fall line was 1,381,000 square iniles; that within the 20° fall
line, 1,065,000; that within 30°, 640,000; that within 40°% 187,000; that within the 50°
curve, 31,000 square miles.

In ten years there have heen six cold waves in which the area within the 20° fall line
exceeded 1,000,000 square miles.

In Table I is given a catalogue, in chronological order, of all the cold waves of an ex-
tent of 50,000 square miles or over that have oceurred in the United States from Janu-
ary 1, 1880, to December 31, 1859, during the months of October, November, December,
January, February, and March. ‘I'he catalogue gives the areas in thousands of square
miles included by the twenty, thirty, torty, etv.. temperature-fati lines, The **extent
of cold-wave’’ i3 a fall of 20° over an arey of 51,000 square niles or 10° over an area of
100,000 square miles. The table also gives the place ol greatest fall, the greatest fall in
temperature, and the temperature before the fall occurred.

TABLE I.—CATALOGUE OF COLD WAVES IN TIE UNITED STATES OcroBer, Nove-
BER, DECEMBER, JANUARY, FEBRUARY, AND MARCIIL, 1830 10 183, INCLUSIVE.

[Arcas within temperature fall lines —20. —30, —40 depgrees, ele., given in thousands of squarc miles,
Last coluinn gives extentof cold wave, tukinwg n 2-degree fall overan area of 50,000 square n;ilc‘a ('n;
unity. ‘Thedate given is the day of the Jower temperature; the temperuture is that at plm.;, of
greatest fal), and the amount of greatest {all.]

i s | & o]
| B125|8
Date. |—20,—30|—40 |—50 |—GO | Center of cold wave. Elg8 3L
5l 8k

7] =

| |8
l____ —— ma | ———

1880 ° °

Jan., 21131 St. Vincent, Minn________ 31 41 3.6
' 3| 141 i\ Montreal, Qnebee.__.____| 38 35 3.8
4| 38 , Omaha, Nebro___________ 631 221 1.0
6 | 329 St. Vincent, Minn_______ 25 44 | 10. 3
10 | 355 ! Yia Crosse, Wis__._______ 49| 31| 9.1
11 { 352 | Quebec, Quebec. ... 371 32| 9.1
1283 41 | e |-=--=- Madison, Wis . ._.______. 511 41 {9292.4
1312110 34 {._... H e i Burlington, Vt _____ 143 | 31| 6.5
14 {174 o8| __j ... e | Smithville, N. C.....__._| 60 | 32| 4.5
19 206\ 32 |____. 1 ______ L. ! Fort Buford, N. Dak ____. 36| 31| 5.4
20 (148 | 31 |o__|oc____i.....! Rockliffe, Onbt ~ecroaonn_. 32| 21| 4.0
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TABLE I.—~CATALOGUE OF COLD WAVES IN THE UNITED STATES, ETC.—Continued.

Sl =
5E|15s|®
= Bl%S¢
Date. |—20|—30(—40| —50 | —60 €enter of cold wave. fg E|g %
E =& &
g8 ||
1880. o °
Nashville, Tenn .____. __ 58 | 21 [co--.
Jan. 21 e e Cheyenne, Wyo .__....__ 41| 26 ...
22 1186 13 |- |.aaoilooa- | St. Vincent, Minn._______ 20| 30| 4.7
231 B2 |eoeo oo !'St. Paul, Mion_____......{ 30| 20 1.2
26 «-- -] Virginia City, Mont______ 37! 87| 1.0
2142 W [ ]l aas I Cheyenne, Wyo...._._...1 22| 33| 3.7
28 ee oo St. Pau), Minn____. ._._.. x| 23| 3.2
20 388 1 173 ) 33 ... j--- - Quebec, Quebec.___....._.| 35 ) 41 [ 117
31 | 409 | 48 |- . o.a St. Louis, Mo _________... 59| 356|107
Feb., 1 :455 [o-__ [ SR B Chatham, N.B, ... ____ 40 | 31| 10.6
T 70 15| et Yankton, S. Dak. ... ... 1 33| 34| 1.8
[ 20 RS ISR PRSI PUPDIUPID PR, Pittsburgh, Pa___..._.__. 35| 23 |-
91259 33 |-oco|ieeia]eene - St. Paul, Minn_- ___. .._.__.[ 30| 40| 6.8
10 | 439 1 @55 | f----_- vee-..| Chatham, N.B ..________ 22 40 | 13.0
12 1 413 56 | e aee Omaha, Nebr_______.__.. 49 24 110.8
13 i 235 K1 2 I AU I Abilene, Tex .___. ... 68 32 6.2
14 1192 15 |oeo o] iiaeae Knoxville, Tenr ... .____ 66| 31 3.2
15| 91 |._._. I P vee---{ Chatham, N. B __________ 5| 214 2.1
17 88 18 b el Deadwood, N. Dak__.___. 35 31 2.5
18 | 353 19 o eeaaas La Crosse, Wis ... .___._._ 44 36 9.0
19 [ 666 | 151 | oo feico o] et Rochester, N. Y _____.___ 52 41 | 15.4
20 70 o e B Sydney, Nova Scotia ..-.. 42| 35| 1.6
27 | 515 |, 329 [ .|---.-. . «=--| Virginia City, Mont__....| 22 39 | 15.6
28 | 209 | 168 D Uy 0 DRI DO Fort Elliott, Tex __...__.| 48 41 9.3
29 | 505 85 | o-.- PO PR St. Louis, Mo..___..__ __ GO 42 | 13.4
Mar. 1 43§ |- I DR P Burlington, Vt ___.______ 34| 35| 1.0
319250 | 84 | o] o Fort Assinniboine, Mont._.. | 31 35! 6.9
5 41 .. ___ JEURS DEUDUPUION DU .| Dodge City, Kans......._ 60 32 1.0
G 43 | oo oo e Rockliffe, Ont _._________ 2W | 27| 1.0
713531 40 |.___.f _.___}|. -e | Bismarck, N. Dak_______. 221 381 9.1
8 | 130 16 | o |eeeaoe ‘Saugeen, Ont___.________ 32 32 3.4
11 |1 378 { 166 |..--_ doublie area | Fort Assinniboine, Mont __| 23 | 32! 10.8
12 | 237 oo oooaes  wwe|-we.n.] Escanaba, Mich._.__._____ 13| 21| 2.7
141168 15 | cnolecoo|oone e Des Moines, Jowa . ... __ 2! 251 4.1
37 | e omme fmme e et Atlanta, Ga ... ___._ 61 26 |-ooce
23| 24 || --. I O I Moorhead, Minn .._._.._.. 341 23| 0.6
24 | 229 (1157 (N P DU Parry Sound, Oot__... .__. 33 36 6.3
2 | 42 |ooaefoeen) e el Boston, Mass ..___...._... 36 21| 1.0
Oct. 3] 36 |oeoo|eceenemmae|emaee North Platte, Nebr.._____ 56| 2| 0.8
4 [ 0 (O RN INUUUPOIN PRI Fort Smith, Ark.__.___.._ 64 24 2.0
b & U RN ISR BAUUPRUI PRSP R Dodge City, Kans_______. 64| 24 ...
12| 49 [iooo oo oaaac ) eema e Escanaba, Mich_._.. _._. 59| 22 1.1
16| 16 |oceco|occcfomaaae| ceeeee Denver, Colo _.___._._. __ 51 2, 0.4
16 | 339 45 | cecfemccec| e Fort Smith, Ark ._. ..._. 71 33 8.8
17 [ 164 | cooo|omccfccme ] caeeee Columbus, Ohio._____.__. 65| 26| 3.8
18 | 200 |cooofocoa|iconad ot Smithville, N.C _______.__ W 2B 5.3
Nov. 1] 34 (.__.l.._|... I PR Boston, Mass ... _._.__.__ 61| 37 0.8
6| 22 |ocoefeamna] e leemeae Denison, Tex __._... —— 66 | 21 0.6
6 <15 200 [ [T S Laredo, Tex . . . .._______ 60 25 2.0
71282 25 ). coofemooocfeaaoan Montgomery, Ala ......_.| 67| 31| 7.2
8] 16 |——enlooo|iaefeoaeas Boston, Mass ... __..._... 60| 21| 0.4
10| 92| conrfeecma]ocmmme|cmmeee Palestine, Tex _....._._._ 64| 23| 2.1
16 | 616 | 284 N R PN Fort Sully, S. Dak..____. 34| 38178
17 | 418 | oo oo e e Denison, Tex .. ooc.cco-- 46| 27| 9.7
18 | 23 | oo eae e feeme. Fort Smith, Ark ____...... 36| 26| 0.5
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TABLE I.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, £TC.—Continued.
8 | & =
£|5¢|8

s
Date. | —20|—30|~40{ —50 | —60 Center of cold wave. g SR|SE
—8 E
gl1Za é
=
1680- New York City 4‘:; ;3
ew YOrKUIly - - -0 -2

Nov. 19 96 |----- ety Rahrid St Columbus, Ohio ..___ __| 19| 22 }2'2

Dec. 2| 272 | ifomoae]oam-- Fort Sully, 8. Dak__.. __130! 26| 6.4
51359 | 118 | foceenc|-ennnn Keokuk, Towa..__..__. .1 49| 38| 9.9
6415 | 97| . . |-ececcjoumnn- Louisville, Ky..__.____._| 60| 38| 11.2
71443 42| oo |aee- Lynchburgh, Va _________ 531 32111.4
90103 | feceaod] e Louisville, Ky - —__.____. 36! 95| 2.4

14 | 144 e Fort Buford, N. Dak . ____ 35, 30 3.4

151 10 | e Nashville, Tenn.___.____ 56| 23| 0.2

772 | 278 | 6 |eeooci|oomnnn La Crosse, Wis._________. 25, 40| 19.4

28 | 426 | 111 | ___leoo_loo-. Alpena, Mich..___ ______ 26! 36116

29 : 169 8 _.__._. double area | Chatham, N.B.____ ... __.| 3} 30 4.3

30 | 328 |ocool|ooo i o Cedar Keys, Fla .________ 54| 221 7.5
1881. .

Jan, 8| M jecooddooofemmeeofome oo Des Moines, Towa .______ 23, 24| L7
6|317! 61| 19 |cccmcifocaa—- Fort Buford, N. Dak _____ 17 40 ; 8.7
71998 ¢ e e La Crosse, Wis__.________ 17 30| 53
9 94 || Dodge City, Kans___.____ 16 96| 2.2

13 | 678 | 163 50 feccaacfeaaam. Cheyenne, Wyo .. ______. | 38 41 | 19.0
14 {1135 | 694 | 259 154 |.__... Fort Sl“, Ind. T ________._ i 57 50 | 38.0
151848 1 170 { 15 |ocee|ocnan Montreal, Quebee ... ___| 34 ; 46 { 23.0
17174 |, I N DO Fort Elliott, Tex.________ 30 27| 4.1
300130 | 12 ..o |ecmooc|amana- Yankton, 8. Dak____. ___ o7l o7 s2
Feb., 2530 | 43 | | —-oloooo. Knoxville, Tenn .________ 59| 34]13.8
11| 74 {----- ___ _| double area, | Lynchburgh, Vo _________ i57 ! w0 | 17
121143 |- [ .| NewOrleans, La _______._ ¢r 28| 3.3
13164 ] 25 .. feceaci]oannn- Lynchburgh, Va .._______| 59| 31| .43
15| 80 |ccme-ieaoo|-mnn- -- | Denver, Colo .. _______. 41 92| 9.1
16 | 31 |ocoodoooemen e e Des Moines, Iowa ________ 191 241 0.7
2 | 93 oo faca|meei ] Norfolk, Va ... ___. tes! 32| 2.2
23 1424 | oo Duluth, Minn__________ 21] 32| 9.9
24| 538 (203 | 61 [ccmo-tocoao Montreal, Quebec._______ 31| 46 16.0
26| 95| 48 |ooooo]immami]oom—-- Fort Assiniboine, Mont _._[ 36 | 31| 2.8
27| 445 | 115 | |-ceaan|mmm - Kansas City, Mo_________ 48| 35| 12.1
98 | 304 oo faemeilimme oot Indianapolis, Ind __. . .__ | 53| 29| 7.1

Mar., 1| 92| 16 [coeoofocoaee|rmnam- Parry Sound, Ont .. __.. 36| 31| 2.4

. 3 IS L 2 PN I (R P Denison, Tex_.___._____. 59 | 26| 9.7

41132 18 |ecccfucccan]ommnn- Chattanooga, Tenn. _____. 58| 30 3.4

15 | 73 oo Fort Elliott, Tex ._____.._ 51 961 1.7

26 | B3 |ommoo|icaan|-mme e Nashville, Tenn ... _.____{ 64| 26| 1.2

30 | 183 | con o] ae e Knoxville,thm--- eeem-| B5 1 27} 3.1

Pittsburgh, Pa._____.___ 68 2

Oct. 5471 391 - ]-—-- T Boston, Mass _._________ 64 3‘; %12- 1
13 | 160 {oveoc]oomofommeme e Kansas City, Mo_._______ 69| 28| 3.7

16| 62 |ooce feccalom e Milwaukee, Wis ______. _. 68| 28 1.4

18 | 76 fomooe|omca)ooe | Keokuk, Iowa___________ 64| 20| 1.8

Nov. 91| 15 |eacac|emacfomonanfomann- Chicago, J1 .. ______. 561 20| 0.3
17 44 |ooe jomaao]meem et Denver, Colo .__._______. 48| 24| 1.0

18 | 368 | 75 |-coco|-mmm-nf---=n- Kansas City, Mo______..| 61| 38| 9.8

19 | 509 | 203 | 21 |--ccenje-oee- Denison, Tex .___.__..__. 70| 42 14.9

20 Knoxville, Tenn ... ._____ 66| 33| 6.3

24 : _| Chattanooga, Tenn___.__. 481 24| 1.0

25 : : Rockliffe, Ontoo ... ... 22| 28| 6.2

28 | 321 [ 171 | j-ooa-- ] ...... Quebee, Quebec. ... ... 47! 35| 9.5

30 | 11 | |oooo A | Kansas City, Mo._______. 541 20/ 0.3
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TABLE L.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, ETC.—Continued.

. | s o
L —
g § 3|8
d|o8l8s
Date. |—20|—30|—40| —50 | —60 [  Center of cold wave. § 3% |S E
= 3
8|58 %
= |~ ]
1881. ° °
oc. 1136 | 15 |cai-lommooofomnae Fort Smith, Ark ... ... 63] 37| 3.6
21 51 |eear [mmmetemaaae]aan ... | Chattanooga, Tenn....__. 56 | 22| L2
2 1'% 3 W RN (RIS PN PN Duluth, Minn .o .- 33| 22| 2.6
B 72| 23 [caeccfecamac|oaeam- Rockliffe, Ont .. ccooo 39| 37| 20
13 | 183 | 11 |eoooofammmfmmmee Bismarck, N. Dak. ... 24| 32| 4.7
14 | 431 83 |cccen|mmmm e Fort Smith, Ark ___._ ... 66| 33[11.5
15 | 488 | 45 jecao|oceea]emnnes Knoxville, Tenn ... 63| 30} 12.6
16 | 40 | 42 |ocoo|omcec|omemns Chatham, N. B._._...__. 37| 33| %0.9
21| 30 | coonfemmefae e Denison, Tex oo oceceue- 64| 22| 0.7
22| 11| cooo|emmenteeiee e Cairo, 1M1 oco o §9] 20| 0.3
23| 13| __feecci|e- S D Atlanta, G& .o ceoeeeeees 60| 21| 0.3
24 [ 356 | 108 |- ce|-mcmcn]omamm- Boston, MasS - v cemeaoen 51| 33 9.8
30 42 | el Huron, S. Dak- .. 2| 2| 1.0
1882,
Jon, 2| 181 oo o] moofecean oo Savannah, G& - cuocneem- 52| 24 4.2
9| 97 |ccemfommmn|omm | Louisville, Ky -ccocoov 67| 23| 2.3
14 | 134 | 66 [-cce]mmmee]a - Milwaukee, Wis _.__..__- 3| 35| 3.8
16 1497 | 89 |coooi]omomac]omaan ¥ort Custer, Mont_. ... 19| 36} 13.2
17 (1101 | 539§ 14 |.cceni]omann Denison, Tex - - couam- 60| 443256
21 | 388 | 149 | oaoo|ommeae|oeaaos St. Vincent, Minn.___ ... 4| 30/ 10.9
22 | 380 |ocoe]emm oo fee - Milwaukee, Wis.____ .__. 38| 3| 89
23 | 537 | 214 |-——o--|-—ce——-]-=<w--| Burlington, Vb ... oco- 31 42| 15.2
28 | 211 | cooc|ocoon|immmn e St. Vincent, Minn.__ . 14| 30| 4.9
27 | 186 |acmmcfamcecfomeemn|anmman Lamar, MO .o o e crce e 59 29| 3.6
28 1 197 |- coec]oomm || e Omaha, Nebr .. _——ccone- 28| 261 4.6
29 | 339 {---—- S Chattanooga, Tenn._ ... 656 30| 8.9
301 99 |cco|oune ) (RSO PR Smithville, N, Coooo oo 69| 20| 2.3
Feb. 4 |975| 72 |.___.| doublearea | 8t. Vincent, Minn.. ... 16| 29| 7.5
5| 262 |ocean|oamafmme e[ a e Jacksonville, Fla.___ - 68| 26 6.2
71809 |-ecoc|cmaafmmmmme ] Fort Custer, Mont__ ... 32| 29| 7.2
13| 80| 14 |-coojimcnacf-mmm-- Des Moines, lowa .- - 65| 26| 2.1
16 | 516 | 291 | 152 |--—o-o)oeoo Fort Buford, N. Dak...._- 37| 44 |17.1
17 | 643 88 | 19 | doublearea | Helena, Mont. - cocae-- 28| 40 ( 17.1
18 | 651 | 393 | 16 | doublearea | Quebec, Quebec - u-- 33| 47| 20.3
19 | 143 | 19 |-coof------ PR Omaha, Nebr-..... .. 35| 30| 3.7
21 1272 | 26 |----- double area | Memphis, Tenn. ... __ 66| 30| 7.0
22| 212 | 29 |eemai|occmee|mmmm=e Pittsburgh, Pa_ ... 57| 32| b.6
Mar., 5348 | o fccacs]ommmm)ecnann Cheyenne, Wyo... ... 31| 25| 81
6134 | B1 |-co_femmmecfeames Denison, Tex ... .- 68| 31} 3.8
10 | 41 |oooa e femem | Memphis, Tenn-...... ~_. 64| 21) 1.0
13| 72 ||t ememe Fort Smith, Ark._____ _.. 591 25| 1.7
18 [ 143 | 40 |-coo|ememen)ommeen Fort Buford, N. Dak._____. 31| 33! 3.9
21 | 490 | 86 |<ceoif-conc)eeae- Fort Sill, Ind. T 66| 31;13.0
D> 2 DT S RS N RIS NS Montgomery, Ala_..._. |63 21} 2.9
24 | 408 | 119 | oo |- ooei|ommeen St. Panl, Minn ..o .o 33| 3ri11.2
26 | 176 | 43| —oofomeeecfrmeee- Boston, Mass .- ccomaaoo 41| 23§ 4.7
D% LI S 7 DR RN SN NI, 8t. Vincent, Minn._..__._. 19| 28| 2.8
B 1209 | 12 [ oooifcemafeomaes Parry Sound, Ont..—._. 42| 30| 6.3
30343 jooeo |- o] |- Winnipeg, Man__—ccno-- 14 33| 80
Oct. 16| 126 |- jeecac]|rmmmnar]cmaans Yankton, 8. Dak.... ... 62| 27| 2.9
81| 23 |-cco|oceac] e Kansas City, Moo cae. oo 66| 22) 0.5
Nov, 11 263 | 40 |ocuufoecaafoane . C?eyexﬁt;, Wy% .......... 31| 32| 6.9
ort Elliott, Tex. ... 70 | 46
12 | 388 | 221 | 44 |ocoo|eeees e ey M oo ol }12. 3

* The —20 surrounding — 30 not measured.
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TABLE J.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, ETC —Continued.

AFRE
g |eg| 8
| 5|38
Date. |—20|—30|—40| —50 | —60 |  Center of cold wave. g 55|25
=
B
g =83
Rk
1682, | { Shreveport, La s:s 22
. reveport, La_____.____ 32
Nov. 13 | 482 77 1. loeooofoerens ’ Palestine, Tex . ________ 65| 32 }12- 7
. - ( Atlanta, Ga______ ______ 64 33
14 1 335 L I R EETEED I Pensacola, Fla_.__ ______ 73| 34 } 9.0
17 21 | e | Fort Washakie, Wyo. _._.| 18| 29| 0.5
Dec. 21172 oo faeee * Fort Custer, Mont________ 44| 24! 4.9
71708 | 307 | 88 |.coo|-onn- : LamarhMttz ----- NG 38| 419215
Cape Hatteras, N.C_____ 46| 30 ,
88771183 |- oo femnnn Lo {Vvﬁmington, N.C____.. 50| 33 223- 5
12 | 116 | 26 |- cocefmmomoiioaccan Assinniboine, Mont ____ ._ 32 37| 3.1
13 1 283§ 18 [ooeeafeaococ|omaaa Wipnipeg, Man..___.____ 12| 32| 7.2
14| 70 | e et Fort Bui?rcli, N.Dak ..____ 8| 29| 1.6
Keokuk, Iowa______ ____ 25 | 20
16 115 | e Omaha, Nebr.o._________ 29 26 } 2.7
16 1558 | 140 1. oo accceofceaan- Brownsville, Tex ..______ 681 32,14.9
31| 26 (..__. SRS PR B Huron, 8. Dak _. ______ 1| 22 o6
1883.

Jan., 3302 92 |.._._ double area | Yort Stevenson, Mont._..| 4| 35| 8 3
4198 oo emo ] Kingston, Ont .. ______ 25| 22| 3.6
8229 | . oofeeoooo I ...... Denver, Colo .__....___ 44| 27| 5.3

. 91421 | 48 |.__.._ double area | Rockliffe, Ont .___ ______ 1 30 1] 10.9

10 82 |.___.l.__. O ORI Jacksonville, Fla ________ 63| 24| 1.9
11 [ 253 | 27 femoo|oooaofocnnns Des Moines, Towa _______ 27| 32/ 6.5
13 | 574 | 26 [coo|emmcci)amanan Lsag Amma:, 1(30[0 ........ 39| 34|14.6
reveport, La _________ G0 34
14 | 554 [ 129 |- feoooonfooees Duluth, Minn ___. _ ___ 60 | 38 %1‘1-9
15 1386 | .cooofeccaefoccccf o o Chatham, N.B.____ . ____ 34 31 9.0
18 3241 53 | |emoliooao. Yankton, S. Dalk ._____ __ 20| 25| 8.5
19 | 322 | 111 |.._._| double area | Dodge Cipy, ]f{ans ceee-.| 221 381 9.0
20 | 385 | 167 | 21 | double area ggfpgfs%ﬁ¥fsti?5?é£::_ } 67| 45| 11.4
21 | 330 A PSSR PR PR, Sandusky, Obio _.___.___{38 | 34| 8.3
221498 | 118 | 86 |-} Rockliffe, Ont ______ ____ 21| 431 14.1
3113071 56 |oeo|emaanifeas St. Vincent, Minn _____ _ 11| 39| 8.1

Feb. 43371168 | 30 |..o_..j._... Shreveport, La ..________ 681 42 110.3
51185 |occn loccen]mmmee] e Washington City _______. 66 34| 3.1
IR 5 % Y [UUS R R, N Moorhead, Minn _____ __ 7| 23 2.8
8| 85 |ceccfecani)occaas] et Chattanooga, Tenn_ ______| 62 | 29| 1.9
9] 62 ||| eeae St. Vincent, Minn . ______ 2] 23| 1.5

10 | 361 | 26 |ccoo|ecacmcfomann. Montreal, Quebec________ 19| 30| 9.2
12 63| 19 | o ifoaeon Des Moines, Iowa . .____. 30! 34| 1.7
16 (789 {174 | 19 | .. |oooo- Moorhead, Minn ____ ____ 30| 42| 21.6
17 {1065 | 640 | 187 31 |.o__. Kv%okgk, Iowxz_-__ ceeee | 60| 60| 35.4
' ashington City .______ 60°| 30
18 | 752 | 274 | 128 |-oooofoeinnn Father Point, Quebec ___| 54 50 %2& 6
25 | 189 ' | e Lamar, Mo ...__._______ 50| 241 4.4
261 96 || ne e Parry bSoulllld, Ont._______ 37| 27| 2.9
. Pittsburgh, Pa_________ 54| 286

Mar. 31445 | 115 |.oooo|oimnn) oeees Burlington, Vt_ ________ 401 35 %12-1
71671 1123 j.o - B PR Springfield, Mo _____ ____ 63| 35(17.9
81384 | 31 .o ]ecomuc]aanann Rockliffe, Ont ___._. ____ 71 351 9.8

11 | 2121 | femmme e e Parry Sound, Ont .__.___ 31| 271! 2.8
12 | 357 | 64 |ovc. facocec)ecana. Sydney, N.S____.._.____ 33| 31| 9.4
16 ) 428 |l fecaat]clt Moorhead, Minn_.__..__. 28| 281/ 10.0
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TABLE I,——CATALOGUE OF COLD WAVES IN THE UNITED STATES, ErTC.—Continued.

& |3 o
218 .13
£l2g)g,
Date. {—20,—30{—40| —50 | —60 |  Center of cold wave. g5 (2t
E‘ = g SE
g€ |4
1883. ° °
Mar. 16 | 46 49 | o Montreal, Quebec_...___.| 36 | 38| 12.1
18 | 664 | 497 | 244 109 [ccee-e Winnpipeg, Man . oo_ 29 55 | 24.9
v Kansas City, Mo_..._.__ 53 38
191 848 | 351 |oooonfeecnan) e Osweso, No Y —ooooe - 47| 37 }24'1
20 | 250 {occefomcmfoccao e Nashville, Tenn _. .____ 59| 33| 5.8
21 (o1 J00 IR IOV RPN IO Boston, Mass -_..o.. .__. 50 29| 2.2
Ocb, 91102 | Comi|maaas (RSN PR, North Platte. Nebr . _.___ 62| 20| 2.4
15 | 116 (oo |amecf e e oo Boston, Mass ... 71 29 2.7
20 | 138 |acmcefemmecfamc e e e Mackinaw City, Mich.._.| 50 | 26 | 3.1
21 | 139 |ecmac]ccce e aa e astport, Me ..._.. ... 61| 241 3.2
30 (£ (RN PP DEUSRURPN I Little Rock, Ark _.._____ 68 27 1.4
Nov. 6| 350 |ccoe oo e Jommmes Kansas City, Mo _______. 65| 29 8.1
“r Columbus, Ohio ...._. __ 55| 21
LR e e S EEEEEE Nashville, Tenn .. _..__. 62| 22 } 3.6
12 298 | el e --.| Nashville, Tenn ____ ____ 63] 29| 6.9
. Savannah, Ga .. _...__ 69 | 26
B L e double area { Smithville, N. C...____ 64| 28 }5' 4
14 1 380 |occofomme e St. Paul, Minn __.___._.| 20| 29| 8.9
15| BT fooee o]l Lyochburgh, Va ___.____ 49 | 23| 1.3
21 QT o, PR SR S, Kansas City, Mo ...__. __ GO0 22 0.6
26| 830 | 289 | 100 | oceoo|omaoa. Winnipeg, Man ________. 29 | 44 | 24.4
T 1 567 | 80 |- woicece oo Louisville, Ky -___...___ 631 33114.8
23 | T |ecec| i) aemae Yarmouth, N.S_._.__..._. 52| 25| 1.8

Dec. 2173 | 58 |ccceofcomenc]onoun. Duluth, Minn .__________{ 34| 35| 4.8
31145 | 13 |coaoficaoe]imaaas Parry Sound, Onb___._._._ 38| 36| 3.7
T 80 oo femaoc| ] cecee Moorhead, Minn _________ 381 26 1.9
8laog2 ! ___. TN IS R T.a Crosse, Wis ______ ____ 50 2| 6.1

10| 44 || amec]accmm ] ec——n Smithville, N.C cc.ec____ 62] 23| 1.0
14 | 492 | 181 [-ceofoaccac|cacaca Moorhead, Minn ..___._._ 33! 40| 13.8
15 | 971 [ 291 | 122 | eceaee Montreal, Quebec ... 41 49 1 28.2
17| 16 | o |cce| oo cmaeas Keokuk, Jowa ... 30 2 0.4
18 | 3731104 | 48 |aeo|ocaae. Rismarek, N. Dak._.___.___ 391 49 10.8
20 20 |o._.. JRS VRPN P T'ather Point, Quebec -...| 17 30 0.7
23 | 298 |l eee e Yarmouth, N. S ___..___. 2| 30| 7.0
251169 §. cu]oac. [ N D Shreveport, La .. . .__. 66 a5 3.9
26 92 | e femmeefeeaeee Chattanooga, Tenn ... ___ 55| 23| &1
27 (451 81 17 || . Des Moines, Towa.__.____ 371 45| 12.2
281440 | 32 12 | o)emne. Pensacola, Fla.. .. _____ 651 28]11.4

188 31155 47 |.---_ double area | Palestine, Tex.__._..__.__ 661 33| 4.3
4, '

Jan. 27297 | 102 |oceeofeecodocenn. Mobile, Ala _____________ 61| 36| 8.3
3137141 43 [—--- double area | Kitty Hawk, N. C_.______ 60 34 9.7
51466 | 24 oo lommmefenaa. Pulestive, Tex. __. .. ___ 39| 30 11.8
6220 | 38 |coofecoan|oaaaa- Smithville, N.C _._____ 142 34| 5.8

10| 79 [ cfomea ] cmmeca] e Cheyeune, Wyo .._._.____. 37| 251 1.9
11 [ 604 | 87 |ocoeo|omccaf o Kansas City, Mo_.._.____ 35 31]15.8
12 | 157 {ai]-w AV PRSI DU, Mobile, Aln ... 58] 28| 3.6
14 | 743 | 210 ] &3 16 7 | Moorhead, Minn ._.____._| 37 ] 63 )21.4
15 1516 1 925 | 47 | oo facann. Rocklifte, Ont ... __. 9| 46 15.6
18 | 170 61 38 15 {.coae. Winnipeg, Man .__.___._ 28 51 5.4
. Omaha, Nebr.____.__._._ 371 41
19| 703 | 328 | 14 | double aren | { Jruah MO -een - 57| 43 {210
20 ! 160 |- oo emmea] ] e Louisville, Ky .- ccceo._ 39| 2| 3.7
23 1483 [ 282 | 42 |- )._.__. TFort Buford, N. Dak._._.. 23| 46 15.3
24 | 844 | 123 | oo feccaofoamaat St. Louis, Mo e ... 34 32 | 22.1
201 28 R Winnipeg, Man <o .._. Jj201 24| 0.6
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TABLE I.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, ETC.—Continuned.

Date.

Mar. 3

Oct. 8

Nov. &

Dec. 11

434
238
377

232
226
391

1060
901
467

283

—40

—50

—60

305
396
135

66

double area
double area

gla |3
5 8|8
Center of cold wave. § sEiak
=% 212k
852 %
=Ry
[+ o
Milwaukee, Wis _________ 44| 25| 5.3
Pittsburgh, Pa___________ 46| 23| 7.1
Jismarek, N.Dak ________ 32 30 9.1
{ Pittsburgh, Pa oo _____ 60 21 }4 8
| Cheyenne, Wyo___.____. 29 28 *
Dodge City, Kang________ 31 29 4.2
Louisville, Ky _________. 59 | 24 1.8
Little Rock, Ark__.______ 67 30 3.5
Cincinnati, Ohio .. _._.__. 551 35| 9.4
Rockliffe, Ont .. _______ 22 41| 10.4
Moorhead, Minn. .__ ___.1 16| 31 8.8
Davenport, Jowa_____. ___ 45 | 42| 206.4
Roekliffe, Ont . __.._____ 33 36 | 10.0
St. Paul, Minn _________. 20 294 1.8
Father Point, Quebee. ___. 29| 381 14.9
Moorhead, Minn_________ 26 46 | 15.3
Milwaukee, Wis _________ 27 36 | 21.7
Smithville, N.C .________ 57 31(17.2
Yankton, 8. Dak .__ ____ 31| 36| 3.8
Charlotte, N. C .__.______ 58| 25 3.8
Jrort Smith, Ark ___.______ 66| 321|121
Dodge City, Kans ______. 63 30| 4.4
Detroit, Mich ___________ 68| 29| 4.2
Dodge City, Kans _______ 60 25| 1.2
Keokuk, Iowa ___________ 634 23| 1.1
Tiochester, N. Y _______. 64| 28( 1.2
Montreal, Quebee (o ____ __ 53| 22| L3
lLouisville, Ky .. _________ 581 21| 0.6
Joston, Mass ____________ 541 21| 0.6
Duluth, Mion ___________ 44| 291 3.5
QQuebec, Quebee. ________._ 42 31 1.5
Kansas City, Mo ___..____ 52| 40 14.2
Indianapolis, Ind _.___.__| 56 | 44 | 20.7
Eunstport, Me ... ________ |53 31| 5.8
St. Louis, Mo _..__________ 54| 26} 1.3
Mobile, Ala .__.________. 65| 25 0.7
Huron, 8. Dak .________ 29| 24 1.4
Corpus Christi, Tex ______ 70| 27| 2.3
Atlanta, Ga . ___________ 64 | 26 9
Chattanooga, Tenn _____. 61 26 } L
Moorhead, Minn _________ 20 35 5.8
Duluth, Minn ___________ 39| 23| 4.8
St, Louis, Mo ._._._._____ 39| 33| 1.7
Nashville, Tenn .________ 46 321 9.5
Fort Macon, N.C ________ 63| 38| 11.6
Yankton, S, Dak ________ 4| 251 6.5
Pittsburgh, Pa ..« _____.1 48| 33} 9.8
Denver, Colo.__________ 48 50 3
Chathata, N. B -oooooos, B B
TFort Davis, Tex _.__.____ 42| 28 5.2
Palestine, Tex .. _._.___ 64 | 41 ) 10.6
Parry Sound, Ont weeo.__ 471 451 29.9
Chatham, N. B ._.___.___ 41 | 42| 26.8
Winnipeg, Man oo .. 25| 35| 12.6
Parry Sound, On$ oo |37 34| 7.6
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TABLE I.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, krc.—Continued.

1885.

Jan. 11 | 340
12 869
13 | 5390
16 | 625
17 | 415
18 : 487
21 | 269
22| 397
24 76
25 | 319
20 85
27 | 607
28 | 195
20 | 205

Feb., 1180
2| 311
5 | 439
6 | 214
S
8 | 244
49 ‘
10
11
13
15
16
17
18
19 | 237

Mar., 2| 64

_ 101 248

11 : 114
13 79
15 | 356
16 | 404
17 | 216
19 57
2 37
23 30
24 | 161
25 95
28 | 157
29 | 379

Oct. 4 206
5 80
21 63

Nov. 7 70
8 62
12 | 552
13 | 460
141 177
s 12
1| 5

[=]
k=1

—40° —50 | =60
i |
| i
__-_i S ! .-
_____ | double area
1 I
67 . 17 |-....
BT I I
. |
2W L
SN D P
_____ R
I I
i

11945 81G~ 0

i S |

i 5

{ . 5

i Center of cold wave. S

: =%

’ . 8

&

aQ
Chatham, N. B ___.___.__.| 36
Duluth, Minn - _____.__._.| 206
Rocklifle, Ont . .. .. ._._..0 33
Palestine, Tex ... .. 51
Montgomery, Ala ... 68
Nowfolk, Vv ... .. .._._.. | 68
IPort Buford, N. Dak ____. 0
Parry Sound, Ont . ___.__ 4
llelena, Mont ___.___.... 24
Kansas City, Mo _........ 31
Indiapapolis, Ind ___..__. L4
Rockliftfe, Ont ___._. .__. T
Cairo, Il ... ... 38
New tuaven, Conn__.. .___| 40
Moorhead, Minn__..._...; 17
Parry Sound, Ont._ ... ‘ 10

! Bismarck, N. Dak_.__.__. 39

i Columbus, Ohio _.. . ._...| 34
Fort Custer, Mont._.__... | 36

Kansas City, Mo__.._. .. 36
{ Des Moines, Towa_.._._._ | 26
FFort Apache, Ariz_______. 42
Nuashville, Tenn____.___. (2
Cape Henry, Vo ..__.._.__} 64 i
Springfield, 111 .__..__._... 25 0
Prince Albert, Sask -.___. | G .

i St. Louis, Mo _.____.__..' 38!
Toronto, Ont.__.__.___._ 29
North Platte, Nebro._____1 28
Montgomory, Ala__._ ... 50
Alpena, Mich ... _____ i 31
Marquette, Mich.....__._ .. ' 29
Roeklifte, Ont - - ._..._. t5
Oswego, N. Y ___ ... 16
St. Paul, Minn _ . ______ b4
Moorhead, Minn_ .. .. . _| 15

Cincinnati, Ohio__.._ . __ 30
{Rockliﬂ'e, Ont_.________

! Minnedosa, Man._._.._.

I Corpus Christi, Tex

i Mobile, Ala .o _.___.

| Moorhead, Minn..

! Parry Sound, Ont.

1 Parry Sound, Ont. :
Quebec, Quebee. .- . |
Detroit, Mich..__. :

i Roekliffe, Ont .. _____.__. ]

*Toronto, Ont ._.__. .. .._.' 60
Springtield, Mo..___.. .-.I 61 .

I Coltabus, Ohio. .. .. .1 63 :

U Sandusky, Ohio_o ..., 63

"I Denver, Colo . __._.._.... " 54 |
IFort Smith, Ark._ ... __ | 63
Atlanta, Ga. __..i 6l

S Las Animas PRSI [ 3

o litble Roek, Ark ..., 61

! Fall of tem- |

perature.
. Extentof cold :

@
; -

-
S -~ w

(34
W0

oW
—

22
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2g |
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TaBLE I.—CATALOGUR OF COLD WAVES IN THE UNITED STATES, E1¢.~—Continued.

15

19
20
21
28

24

9=
r

30 :

1886.
Jan.

[v A0S BN Y

23
Feb, 1

10

16

19

20

21

25

20

R

Mar.
9

10
2

. Fall of tem- |

i i <
| . g
| ! l . | 5
—220 '30|~—10' —50 | —60 l Center of cold wave, . &
S
\ | g
| 1 | &
i \ ! P
[ & G IR SUSRET e Boston, Mass_.___._.. ._: 54
54 |—--. ] ..... e en- Memphis, Tenn.. ... . __| 62
PB4 T e oo 2=—-| Wilminglon, N.C. G4
f124 | 22 S S . Momclnellat, ;f\\lﬂsm ______ 50
R i CKansas City, Mo.____._} 5
864 : 299 Des Momos dowa_. . 42
G L S Smithville, N, G ___ . 60
Y . Chieago, 1. ... _22
480 | 134 ¢ Shreveport, R
952 | 11: Columbus, Ohio _._.____. 60
921 |oaeoo)- Norfolk, Vaoo ... . __ 62
146 [.--- _|_.__ | double area | Corpus Christi, Tex_____. 66
133 T PO S 1D B, Pensacola, Fla__.________ 61
198 |----- e ' trlple area | Savannah, Ga .______ . __| 60
84 |_.__. [ R, [ i Chatham, N. B __________ 30
86 . (S | Moorhead, Minn________. 33
25 S e [ Parry Sound, Ont________ b g
66 | . i oo~ lo__..l Quebec, Quebe( ____________ S
154 | 33 ]..... joemee [ Winnipeg, Man._.___ . ___ 37
954 | 10 oo oo T " Duluth, Minn ___._______ ‘ 35
361 98t __.. Ao __." Chatbam, N. B_____._____ 38
169 | 62| 247(_. . _|-___| Minnedosa, Man.._______ f 30
© 504 i 80 ......l double area ! Palestine, Tex_________.__i 64
352 1 28 i__ N A T New Orleans, La_________ 68
189 jocmotomees double area | Charlotte, N. C._.._____.! G2
405 | 109 | 27 ! double area | Rocklifle, Ont___._______ 38
505 | 131 75 | double area | Cheyenne, Wyo _________ | 93
711 230 1 21 [-o--- (DO . Corpus Christi,Tex___.___ 51
397 1 163 (ool | ______ ' Montgomery, Ala.____.__ 47
207 IFort Assinniboine, Mont. .} 27
138 Omaha, Nebr._..__.______| 31
326 N Chieago, JN .. _______ 36
192 1125 | 36 |------ [P Rockliffe, Ont __.__ ..___. 28 !
144 93 1 _____i double area | Denver, Colo ._____.____. 40 i
G619 | 193 oo |-een- [ Sault de Ste. Marie, Mich.| 24
295 19244 ¢ 71l ____\_____.! Chatham, N. B_________. 392
114 1 35 |oceo|ecmaan | P Qu’ Appelle, Assin__...__. 1
164 'L leol doul)lc area { Ifuron, S. Dak___.._.____ 8
410 l 84 l-eoon double area | Fort Davis, Tex ____.__.l 53!
2%, W S PR JUUU Montgomery, Ala__.__.__° 53
308 ! 69 i, ... o...V 8t Vineent, Minn o ___. bag
i . Springfield, Mo. ______ a1 .
L3 oo doub](l‘.um J( IFort Davis, Tex .______. L BG
D01 Lo e ..t Knoxville, Tenn_.________| 58
311 ' : Cjfuaron, 8. Dak (oo . 33
402 | Saugeen, Ont .. ________ 34
331 Quebee, Quebec_.________ 15
708 Winnipeg, Man_..________ 195
606 Mackinaw City, Mich_.___! 39
153 Yortland, Me. ._..___. _..} 34
118 . Qu’ Appelle, Assin_.____. 17
125 mome o e Marquette, Micho....____| 28
! Shreveport La___._..._.} 50
41 1.__. . .._-_ldoublc Mc“l{l{od\hﬁo Ont 7T 5

Kansas City, Ma..... . 58

s 8
R
Ejg¢
218§
&'
]

o :
241 1.8
25 1.3
94 4.1
331 3.3
35 1,
e (241
321118
95 . 2.0
331 13.4
34 | 6.4
281 5.2
29! 3.4
29 | 2.1
98 | 4.6
9297 1.9
30! 2.2
32| 0.6
2 1.5
34 4.1
30, 6.4
37 . 9.6
43 5.1
3B 8.3
.;oi 9.0
28 1 4.4
45 ] 11.4
46 | 14. 0
37 1 20.2
39 | 11.3
301 5.9
31 3.6
30| 9.2
43! 6.4
34| 38
371171
48 | 12,7
33 3.1
29 1 3.8
35 110
31 5.4
33 8.8
20 .
je 41
33 4.7
33 7D
37 1 11.0
30| 87
7. 22.4
42 | 17.8
2l 4.0
97| 2.7
25| 2.9
20

o9 | 1.0
231 0.6
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TABLE L.—CATALOGUE OF COLD WAVES IN THE UNITED STATES, rc.—Continued. -

Date.

Oct.

Nov.

Dec.

15
16
19
2
23
24
25
26
27
1887.
Jan.,

12
13
16
17
18
19
20
21
22

| .
—20| —30;
!

| 156
360 | 176 |
201

219 A1
315 1 191 !

36

I ! T
! ! LS8,
s 2158
—30 | —60 i Ceuter of cold wave. | g <2
. 1 b=
| | E g2
; B
y e
H | (e} o
______ \ —w--1 Indispapolis, Ind.______.i 591 27
double area | Helena, Mont .. _....___. Q8 | 27
______ toeue.- Denver, Colo._.___..___.1 16 24
_______ cw---j Galveston, Tex_._._....._1 63| 21
____________ Qu’ Appelle, Assin.......| 55| 35
[, Davenport, Iowa ...__. .. I 65 25
_______ w-—w--| Minnedosa, Man_________| 59 | 23
___________ Boston, Mass_____....._.1 G5 a6
____________ North Platte, Nebr.__.___| 58 T
............ Marguette, Mich  ____.._; 66 | 30
____________ Duluth, Minn—__..___._[| 52| 20
____________ Dodge City, Kans .______| 54 | 20
____________ Alpena, Mich ..__...__..| 45| 24
_____________ Vicksburg, Miss._..._... 60 : 25
____________ Montrose, Colo........_.| 49| 36
____________ Shreveport, La. ._.._..__| 691 30
Chattanooga, Tenn.. __..0 60 | 28
Wilmington, N. C_.___.. 54 22
Galveston, Tex........_.; 69 | 25
i New Orleans, l.a ._. —-- 7139
Wilmington, N. C_.__._. 72! 36
¥ort Custer, Mont _____. S24 | 23
Kansas City, Mo _...._. .1 61 41
Nashville, Teun_.._.._.. 69| .35
______ cew.--| Wilmington, N. C______.i¢8 ! 33
Y I Bismarck, N. Dak....... '35 | 52
____________ Indianapolis, Ind___.____- 271 29
____________ Lastport, Me.. _________.;32: 22
donble area | Fort Davig, Tex......___; 52| 26
______ vev--| Pensacoln, Fla ..._.____| 62 31 .
___________ Jacksonville, Fla___._._| 53 | 24
Dodge City, Kans .._____ 43 |- 20
St. Vincent, Minn__.._.._ 10, 20
Yankton, 8. Dak.___._._. ’ 421 43
Pensacoln, Fla _________. 58 | 30
St. Vincent, Mibn.. _____ I 13 27
Huron, S. Dak.__. ... ._ | 32 33
Melens, Mont . ____.__ 32| 30
Duluth, Minn. . _________ [10| a7
Parry Sound, Ont..__.___ 30 40
Halifax, N.S.,---..._._.i 5741 39,
R S Chieago, 1M .. ___________ 129 37
U B Des Moines, Town ...____ | 15| 31
R Wilmington, N. C_._.._. 59| 34
___________ IFort Butord, N. Dak -_... 1 36
____________ Rocklifte, Ont ... ._..... 12| 31
(£ St. Vincent. Minn. .. ___. | 20 | b2
........ cew-w-| Rockliffe, Ont ... .._... 12 43
triple area | Minnedosa, Man _._.____| 10 32
....... “eeeww-j Lamar, Mo _.__...._.._.]| 33| 42
_____________ Chattanooga, Tenn ...___| 68 | 40
............ Halifux, N. S . __.____..| 40| 43
...... <—----| Fort Assinniboine, Mont..| 22 | 33
RIS R, La Crosse, Wis . ._.._..._. ' 37 40
cewdocoo_ ] Chatham, N.B._.__.____ |37 47

Extentof cold ' -
wave.
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~ THE UNITED STATES, ETC.—Continued.

Date,

IFeb,

Mar.

Oct.

‘ Nov.

23
25

30
5

11
17
19
20
21
22
23
24

26

i
|
|
|

| 426

|90 —30
|

222 |
369
558
379
660
513 !

R W

270 |
215

99
336
288

380
543

1015; ¢

233
140
326
446
454
154
538
219

85
331
120

83

55
471
227

56
176
103

T2
2127
307

54

27
140

44

53

29
158
148

19

5
276
203
204
408
178

43

104 |-

103 |

—40| —50
| H
28 i
T wriple
36 oo lecaaoo i
5 |7"38"| doubl
98 . a1
67 10
98 ! 19'i_,._.-_|
7357 double
51117 | 19
319 | 97 l.__...]
5| 7387 - ;
e

1 O SO B ! Cheyenne, Wyo

—60

areca

g
]
2
Center of cold wave, E
2,
g
| &
T T - ———i—.—_
i o
Kansas, City, Mo ____ | 56
Knoxville, Tenn .- .______' 3
Winnipeg, Man__...._._ _\ ]
Sault de Ste. Marie, Mich.! 25
. Lastport, Me .....__. Y

double area |

double area

. double area

double area

Fort Custer, Mont ______1 37

Yankton, $.-Dak. ... . 30
Parry Sound, Ont......_.7 430
Fort Elliott, Tex.....___.1 45
Moorhead, Minn__.._.___ 98
¢ Palestine, Texoooo .07 67
. Pittsburgh, Pa...._ - 58
| Halifax, N.S ... 34
. Alpena, Mich ... 46
Rapid City, S.Dak. . __. ‘ 36
Lamar, MO _ .o _____. 63
Columbus, Ohio —____.___1 63
Chatbams, N.B.______ ooy
Louisville, Ky.-....___.. 58
Des Moines, Towa _______.' 33
Rockliffe, Ont - .________ 21
Louisville, Ky .. ... .. ‘ 58
! Rockliffe, Ont ... ___ 24
Fort Baford, N. Dak ...._ 45
¢St Louis, Mo ____.____ I 6o
Escanaba, Mich______.__"v5
La Crosse, Wis_.__.______' 21
Qu’ Appelle, Assin_______ 27
Parry Sound, Ont .
Burlington, Vi _.__ 3
Sanlt de Ste. Marie, Mich_.! ¢
Winnipeg, Man.___. __lus
Cincinnati, Ohio . __.__. __ 54
Albany. N.Y oL 36
St. Vincent, Minn - _____. 39
Alpena, Mich_______.___. 85
Quebec, Quebee _____.____ o4
Shreveport, La.._. ______ 64
Jacksonville, IMla_______ __ GO
Montrose, Colo._.._______ 64
Concordia, Kans _._______ G4
Jfort Custer, Mont _______ 34
San Antonio, Tex ____ .. __ 79
Yodianapolis, Ind _____.__} 46
. Yapkton, S.Dak.___.___ 50
Oswego, N.Y ... .. 58
Sanlt de Ste. Marie, Mich_| 52
Knoxville, Tenn .____._ _. 55
.| Springfield, Mo.._.__.___ 56
Swift Current, Assin _____ l. 40
St. Louis, Mo ... ... __ | 46
Cedur Keys, Fla . ________ | 62
I Jort. Buford, N. Dak_. ... 32
M eory Sully, S Dak. ... 28
CLittie Rock, Ark._ .o .. . G4
---------- © a8

Fall of tem-
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TABLE 1.—CATALOGUE OF COLD WAVES IN THE UNIrEn Starks, £r¢.—Continued.

’

Date.

1887.

Nov.

Dee.

27

29

21

22

23

24
20
27
28
24
30

1888.

Jan.

Teb.

Mar.

~ e

14 -

15

14
20

325

20

| ¢
2]
—20'—30: —40| —30 | —560 Center of cold wave, g
: g
N Q
! [
[
891 1 625 | 118 |_._._.]..___. Fort Elliott, Tex. ... ._._ 38
806 ) 367 | 126 | 31 [..._.. Louisville, Ky.____._._.- ég
373 ‘ 158 1 23 1 feaao Philadelphia, Pa.__...._._.
356 i 24 s - Fort Sill, Ind. T_____._._ 62
544 7 01 |l ]oiLl Duluth, Minn . _____._.. 34
Y R (VY DT P, Lynehburgh, Va____.__. .| 52
821 81 | ofeccm e Qu’Appelle, Assin .___._.| 30
1wl [ . -- -- La Crosse, Wis________.. 24
59 BTt R ICCEE T EEPEEE - Jacksonville, Fla_________} 62
659 1 200 18 ... | St. Vineent, Minn._______ 20
751 | 323 | 26 | 2700 Norn Platte, Nebroo ..o 30
BB T | St. Louis, Mo..______.___ 42
2 .. SN PO RN ! St. Paul, Minn ___.______ 12
10 1. l\()cl\hﬂe, Ont.eeeeno.._.t 4
141 50 | ..l .. ! Yankton, S. Dak________. 34
139 ... T B | T*ort Buford, N. Dak.__.__. 10
173 o I R i Port Avthur, Onto________ | 16
564 | 195 ‘ 24 ... e " Keokuk, Iowa ... _._ 132
830 | 85 1. .. L \Vllmm;.,ton N.Co.._-.___V GO
206, 68 1 _._ | ____l____.! Yarmonth, N.S.___T2110) 82
4221 60 ‘ _____ double urea | I’alestine, Tex_.._....____| 64
244 ‘ _____ PR . fmmmment i Knoxvilte, Teun__.___.__. 54
49 'L U PR, ] ...... Clu,yem)e, Wyo. ... 40
246 | 24|l [ ! Springtield, Mo. ____._.__| 68
05 ng | N . §Palestine, ex___..__.___{ 68
A5 T 158 1 20 { donh]o area g\lomheld Mion " 16
641 | 217 | 75 e PSS . Valentine,Nebr_ __.______ 3
657 | 159 | 29 !doul)le aren | Toledo, Ohio ..._......_..| 40
DI 055 . 08 oLl oLl Palestine, Tex . .._...._.! 48
A48 139 o L e i Oswego, N. D 38
93| 16 . .__. doub]o aren ; Cedar Koys, Fla.____._. - 64
2361 30 ... ... [E— ' Cheyenne, Wyo.____. eme| 34
(A large "0 and-30 area in the north-west not measured. )
185 [.o_._ U PN ; Chatham, N. B.___.____. 16
944 | 96 | oo | La Crosse, Wis.__._._..__ 38
166 53 ) I Huron, S. Dak._...__._.__ 30
119 || feeeaos Springfield, Nl _____.____ 30
H o5 2 DU ISR U I Fort Buford, N. Dak_.... 4
334 1 143 | _|aooo_l]ecoas Halifax, N. S .. ____..__. 36
774 | 353 | T2 | __lo.__._ Yuukwn, S.Dak.._.__._. 40
912 1 229 | 46 {oeoos |cnace- Detroit, Mich_______.__._ . 36
440 82 | ileeooo. ———-.-| Boston, Mass _________.__ .38
o : {Dubuque, Iowa._....___..| 42
e I e RaRRCTIEE LR ‘Minnedosa, Man . ________ 14
D Y 2 ORI IRSIIPUN I Escanaba, Mich._.__.___. 34
210 | 58 oo | coojeooo-s Moorhead, Minn.._.._.____ 34
260 | T4 joonn]oe s Toledo, Obio -...o...... | 48
r (1 20 VS DRI PV I Rockliffe, Ont..... ... 26
87 | sal T T Fort Sill, Ind. T ._.._. 68
478 | 87 I ... St. Louis, Mo...._........| 60
1 20 RO SRR PPN PRI Philadelphia, Pa._.____._. k
15 [ oo ecee] e Valentine, Nebr .________ 32
224 b ¥ 7 PR D wev--.| Concordia, Kans__.___... 48
796 T L Duluth, Mion.__. __._._. 28
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TABLE 1.—~CATALOGUE OF COLD WAVES 1IN THE UNITED STATES, xre.—Continued.

Duate.

Dee.

! 232

C 383

PR

.20

27
L]

1889,

Jan.

Febh,

9
10

-

¢

18
20
21

26 |
L 920

v 176

47!
160 o iieea |
97 |
49
87

378

283
422
486
94 !
25
19 .
174 |

111 -
149

60 ...

204 ...,

50
90 |

7
115
44
90 |.
49 : .
102
10 1.

31 ;.

125
67
80

102

144
33

259

161

561

280

163

139
464

33

41 l.

=
2
Center of cold wave. §
2
g
=
o
;Charleston, S.C.......| 60
CedarKeys, Fla . ____.___ 35
Prince Albert, quk ceeeol 18
St. Paul, Minn. ... . ____ | 34
Alpena Mlch ----------- C 24
! Qu’Appelle, Assin o ____ l 40
I Keokuk, Towa____._..__.i 56
.| Bismarck, N. Dak..__.__} 34
| Escanaba, Mich____..__.__ 23
Rapid City, S. Dak.______ l
Lamar, Moo ._________! 52
' St. Louis, MO__....____. | 52
. Rapid City, S. Dak..._ ..., 60
: Concordia, Kans..__..____' 62
Fort Smith, Ark_._______ / 68
Omaha, Nebr._..._.__.__| 62
Indianapolis, Ind .. ______ I 68
} Fort Smith, Ark._______| I 70
Yamar, Mo _.__.________ i 68
Rochester, N. Y_.____. ___! 66
Vicksburg, Miss.___ _____ | 68
Chattanooga, Tenn___ .. ! ¢8
Wilmington, N.C___. ____ | 72
Milwaukee, Wis_________ I 46
Sydney, NoS _____ ______ I 46
North Platte, Nebr--_____| 38
Jfort Assinniboine, Mont.__t 50
i Rockliffe, Ont______. ____ | 32
Moorhead, Mion_.___ ___ o8
Crete, Nebr.-. ... ... | 54
Port Arthur,Ont .___ .. __{ 9¢
_| Kingston,Ont.___..  ____. 32
Rapid City, S. Dak .______ L 40
Des Moines, Iowa._______ 52
Springfield, Mo____ ______ | 52
Springtield, I __.__. .. __} 52
Montreal, Quebec ._._.___| 44
l Palestine, Tex_.__._.__._| 56
{Fort Buford, N.Dak. ___ _| 22
.+ Milwaunkee, Wis_.________ 38
§St. Panl, Minn .. _____| 38
3Miuncdosa., Man._.______ i6
St. Vincent, Minn._____ 110
Huron, S.Dak ... _._._.___ 10
Keokuk, Yowa._.._..______1 30
Moorhead, Minn ________ | 24
Fort Smith, Ark..._.__._ 1 44
Chattanooga, Tenn.._.__ _] 54
Winnipeg, Man._.________ 14
White River, Ont.______._ i 99
Irather Point, Quebec.._._; 6
Moorhead, Minn...._.__._; 18
Port Huron, Mich____.._.' 36
Fort Iilliott, Tex......_.__1 50
! St. Paul, \Ilnn JERAN 1t

Tall of tem-
perature.
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PTasLk I—CATALOGUR OF COLD WAVES IN THE UNTTED STATES, RTC.~—Continued.

i
;
:
l
:

. '. | g !l =
| } ! R 5
i : ! ! ERbs Eigg
Date. :-—20.—-30 l —fl()i -—~50 l —G60 | Center of cold wave. i E. |5 % | .‘2 5
! \ l~ ik
P | i P B SAIR
. ! | | ] | =
R I .
i i i ! '
1889, i ; o ! o
. C aoq . ' ' v (§Palestine, Tex .. o..o..o-. S50 28 .
I'eh. I8 . 324 e Poeees : double arca iy Rockliiie, Ont .- . -..._.1 38 34 ‘[ i. G
19826 86 o oo Angusta G F70% 34 8.4
2L 039 .-'”"|"'"" Quw Appelle, Assin..___..." 4 28] 2.2
221489 1147 ... LaCrosse, Wis _..__.....1 20" 36| 13.4
R Y : Glirie, Pa_ . oo oo P32 A0
23 63t ! 30T ‘"'i'"""IZKin;_zsmn.()nt.v. AU * SR (1 :%]9'8
2 163 7o Lol Sydney, NS oo . 26 460 4.7
Mar. 13 371 756, .. oo..- . " Minnedosu, Man ... .._.. 24 341 09
15 63 oo e oot ' Concordia, Kans a2, 28! 1.5
16 420 il e " Springfield, Mo, .....__..' 31 22 10
270036 : i Moorhead, Minn..____. .42 26, 0.8
T I L - A0 e 26 20 0.6
Nov. 3 o3, woie.oolooooo0 oo Nashville, Tenn ... 66 22, L3
360 S A femmee { sandusky, Ohio _.._._... 66 | 26 1.6
4 94 ... .. doublearca , Lynchburgh,Va .. . ....7 68| 227 2.2
7 (L L " eev ce----j Minncdosa, Man ... 34 22 1.7
11497 oo Lo {o.....! St Vipeent, Minn .___._. 38 : 32 111.6
12 206 oot oo Bl baso,Tex oo .50 22 4.8
13203 . ' .. Ddouble area i Galveston, Pex . . ...._ 70, 28: 4.7
15 46 . _. Pooob o2 Northfield, VU ... 46 241 1.1
18- 83 . ... S oo Jacksonville, Mla . oL .0 L7000 26, 1.2
98 1120 e LTI Mobile, Al oo ea ! 21, o8
Dee. 9!t 150 | L. ._.. _lSt. Vincent, Minn._ ... i 30 ! 38 ¢ 11.5
| g : ispringfield, Mo .. _...._..[ 62 261\
1 334 fmmmrelemmmosemmse oo TRt Vineent, Minno oo | 24 ’ 28 'J”'8
1412 ol itochestor, N Y oLl 48 ) 2% ‘ 2.9
5l o4r e .. .l Indianapolis, Ind _._. ... g2 ! 96! 1.1
17|10 | o o Kunsas Gity, Moo .l 61 0 200 2.5
19 1316, 118 | ... . ... .. 8L Vincent, Minn . ... 31, 42 8.9
FLITIRE I TURN & 3 N | Port. Arthur, Ont ._..__. 032 30 3.8
25 1258 | 86 | _._i....__t.o.._} Des Moines, lowa. ... .7 60 i 3: 6.8
2 | 15 ... e | Huron, 8. Dak..___.._._. 167 24 | 0.4
27 1 202 !4___. _____ [— P, Parkersburgh, W, Va. . .i 62t 30 4.7
20 1566 | 190 | o oo .,.____‘ St. Vincent, Minn .. _. . 247 44, 15.7
B0 | 749 1 2387 16 ..__..|.... .| Chicago, V.60 44211
31 0408 79 SO I I Eastport, Me “....___._..; 48 : 40 10.8
X I

In u cold wave the temperature-falls on o map have graphically the semblance of a
cone. The altitude of the cone is the grentest full in temperature.  The temperature-
fall lines represent the section lines of planes with the cone. Table T gives the extent
of full helow the 20° fwll curve. It includes none of the fall less than 20%. The
amount of the fall, however, Jess than 20° is important, as hecanme apparent as this in- -
vestigation progressed. The aren ineluded by the 10° fall curve, evenin the case of the
smallest cold wave, is rarely less than 500,000 square miles.  In many cuases it amounts
10 1,500.000 square miles or more.

In Table I many of the areas given ave only approximate. In some cases the areas
extended beyond the region covered hy observation stations and the curves had to e in-
tlosed by estimation as best they could.  This has not introduced any great inaccuracies
however, except in a few cases where only the western gide of a temperature-fall area
was visible along the Atlantic coast, and the position of its eastern border out in the At-
antic Ocean had to heestimated.

The areas were measured with a *‘ rolling ** planimeter on maps of the United States
on . scale of yyyghvog, oF about 1 inch to 160 miles.
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The areas o' the 10 lalls of femperature ol certainof the cold waves, which have
been made the subject of investigation, are given in Table X1V,

In many of these cases the allowance to be made to the extent of cold wave for area
of fall between 10° and 20+ is five or six times as much as the extent of cold wave below
20°,  In the casc of large cold waves, with a 20° fall area of more than 1,000,000 square
miles, the fall between 10° and 20° only adds a small part to its extent.

The area outside of the 10° lall line to the zero-fall is not usually measurable with
any exactness on account of the ill-defined position of the zero-full line.

T'he areas were all measured on the a. m. temperature-change maps. DeginuingJuly
1, 1888, the weather maps of the Signal Service have been based on observations made
at 8a. m. and 8 p. m. Previous to that time the obscrva‘tions were made three times a
day at 7 a. m., 3 p. ., and 10 p.wm. The last observation of the day in sowme of the
earlier years was made at 11 p. nu. ’

All that is given here pertains to {he a.m. maps of’ the various years and deals ex-
clasively with the twentyv-four hour temperature-falls.

1t is taken for granted that what is true concerning temperature-falls from 7 2. m, of
one day to 7 a. m. ol the next will also hold good for the interval 8 a. m. to 8 a. m.

This investigation does not touch on the temperature-ialls of the 3 p. m. map. That

- observation having heen discontinued, it would be o.f only limited practical interest to
establish anything in relation to those chapges. This map is very important, however,
28 in many cases of very severe cold waves the low temperiatures hecome first, apparent
on this map in the afternoon in the far Northwest. The data is so very extensive that &
limitation had to be made, and therefore no discussion of the 10 p. m. or 11 p. m.
weather mmaps was undertaken.

This investigation of cold waves is haged on maps, going back as far as 1880. The
material in 1880 and 1881 west of the Mississippi River is not, however, as well adapted
jor the purpose as that of the later years. Observing stations in the western country
were very few atthattime. Moreover, the reduction of barometric pressure to sea-level
previous to 1882 was made on a diflerent plan from that in use since then.

Many ol the foregoing temperat,xu'e-l‘;nls, though classed as cold waves, are practically
unimportant. In the case of areas of less than 100,000 square miles the Jowest accom-
panying temperatures arve psually not Jower than freezing-point.  These occurring in
the early morning ave not much noticed. Where the areas of change aresmall the low
temperature does not last long, und hy the time the sun has risen there isa rise of 8° or
10° in the temperature.

A temperature change to heof importance ought to exceed somewhat the limit of the
diurnal range of temperature at the place for the time of the year. If the change is
less than this the lower temperature should at Jeast go helow 32° to be considered a cold-
wave.

In the Western country, and especially at elevated stations, the divrnal rnge is muelh
greater than in the Last and at stations near sea-level,  The following average values
are taken from “‘American Weather.”” At New Yorkand New Orleans the divrnal range
of temperature is15% inJanuvary and 127 in July. At Bl Paso, Western Texas, it is25°
in January and 33° in May. At St Vincent, Alinn., it is23° in January and > in
Aungust. At Fort Apache, Ariz, atun elevition of 5,050 feet, it is 29° in January and
45° in September. At Tutoosh [sland, Washington, it i57° in January and 11° in July.
At Campo, in southern Calitornia, at an elevation of 2,710 feet, the ranve in ,\'ppu,mb}r
is 45.4°. The dinrnal range is the averuge difterence for the month bet ween (e highest
and lowest temperatures of the day. =

In Table I1 is given a résumd of the cold waves of different magnitudes ocenrring in
the various months and years. The magnitudes are arranged according to the :u‘(‘::; of
the 20° temperature-falis, 50,000 to 140,000 square miles being the smallest, 100,000 to
900,000 square miles the next in size, then 200,000 to 300,000, and so on il)éregxsi'ng by
100,000 squate miles up to the arvea 1,100,000 to 1,200,000 square miles.
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TABLE LL—NUMBEKR OF COLD WAVES OF VARIOUS EXTENT, OCTOBER TO MARCH,
1880 10 1889, INCLUSIVE.

| Arrangzed accordg to arens in squars miles of 20° temperature-falls.]

to !

50,000

1880, I
January - .- -~ .‘
IFebruary X
Marehoo o ... .|
October _-..-.-- :
November - .___ | 4
December -

1881,
January
- Pebroary
March
October
November
December - .._-

1882,
January - <o
February
March
October
November_ ._._
December - ._—.

1883.
January
I'ebruary
March ... __..
Qctober . —._-
November - .. _.I
December . ... .

1884,
Janunary
February - .-
March. ... ..- |
October - ..._.]
November
December. ...

1885.
January . ..o _.. i
February
March.. ... i
Octoher - o .ol

a0 ‘ 100,000.

W

November
December

1886.
Januarvy
TFebruary
March

October _ ..

November _.__.
December . ...
1887,
January.._.__. :
February
March ...
October ...
November . ...

ecember _

200,000.

© 100,000 to

R : e . - o
e le le lo fe e fe leg|2g | 2g
= s ;

c2lezicg|28|88 o§ oS icS 8282
S<.ig3. 8= AR AR =A==
gz 1eg 29188 28 |2g =22 22188
sSlsgisg|s8|se 58188 22185 8
=8 = ow|S S| 2@ P ey g
[} <] ~r [l <o i- i) 2] — 4
RN e o e

3 4 b PPN R, | _____

3 1 3 B 2

2 PR -

1 | O R PR, —-

j S0 ) S PR

1 2 bs 2 P PR
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TABLE 1L —NUMJBEE 0 COLD WAVES OF VARIOUS EXTENT, ©1c.—Continued.

'

! : s i ! e T
:sd:sd|2o'-s:' 2 ?:0520:8:’:2 '38|§8|§8
Month 22|28 '22:28182:28 E81£2'85:32 £s . 8<
: I8 iSs iCa |20 S S SS s = S S8icoS
28.s21s81€€ g SESE'ZE S E2iSR
!g.—.im 8:«:‘9-1-3 EE 8T 2 S c"_:_'-i"_:
[ t v & i [ L L= - P—
—_— _— A [ — . L= . [T
188, || -
January o1 1
February....... 1 | 1
March. ... o3y 2
Qctober . ._ .. Li----. R N NN
November . .__. o6 2
Idecember __.... 4 4 !
1889, ; | :
January .....-. 1 3
February._._.... 3 2
Mareh ..___._..} :SI ...... .
October _ .__ i
November . . __. ey 1 |
December - ... B | | 3 |

In Table 111 are given the total number of cold waves ol various magnitudes oceurring
in ten years during the months of October, November, December, January, I'ebruary,
and March. The whole number is 621.

TaRLE J11.—WioLE NGMBER oF CoLbh WAVES 1880 to 1R90.  AccorpiNG 10 EX-
TENT OF 20° TEMPERATURE-ITALL AREAS,

' Jan. l Feb, o Mar. Oct. | Nov. | Dec. lSums,

H | i '
50,000 to 100,000 square miles. ___ 13, 23 30021, 32 31 ' 150
100,000 to 200,000 square miles . _._ STy 26, 2 13 14 30 134
200,000 to 300,000 square miles .. o 0 19 138 N 21 92
300,000 to 400,000 square miles___ 20 24 11, 1, 10, 16 91
400,000 to 500,000 synare miles._ ... 16 13, 12 11 Si 14 ; G4
500,000 to 660,000 square miles____. T ST T R S L5 51 44
600,000 to 700,000 square miles. ... 9 61wl Il ! 1 1° 19
700,000 to 800,000 square miles.___ .. 4, 5 1 .. 3 13
800,000 to 900,000 squure miles.____. 302 I 1 | ______ 1 5 12
900,000 to 1,000,000 squarc miles. .- 1 ! IR S 9l 1 6
1,000,000 1o 1,100,000 square miles .| 1 S I IO 3
1,100,000 to 1,:200,000 square miles __i 2 ) U U ‘._ L 3

; : | :

In Table IV, the sums of ** Iixtent of cold waves’” are given for the different months.
The ratio of the numbers express in soe measure the relative prevalence of great tem-
perature-falls in the different months for the whole United States.  Taking October the
Jowest as & stand:ard of comparison, Novemberhas five times us much area of 20° fall as
October; December, eight times as much; Janunary, thirteen times as much: FFebruary,
eleven times as much, and March, five times as much. .
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PTAnLE IV.—SUMs or *EXTENT o Conh waves” gy MoNris,

[Unit eold-wave cquals s 20° fall of temperature over an nren of 50,000 square mites.}

Year. Jan. | Feb. I Mar. Oct. . Nov. | Dee.

! 1 |
880 ... 1209 | 1213 479 222, 432, BL7T
Iggy T 1051 w60 ens oo 49030 511
882 Tl 5.3 | 937 66.2] B4 420l 700
L S 140.5 | 16.5 | 131,10 1301 779! 110.3
Y T temat 1664l rer !l a4 a4 6w
885 .. 297.6 | 115,41 581 3.8, 40.7; 107.7
I8 T . o] 1108 159 180 86.&, 1117
L 2332 ] 146.6, 79.3 .00 11L2 | 131.9
W88 L. D Ts2 | 12010 e 1020 2L 324
188y .. L 651 101,50 1381 0.0, 3300 980
. | SR
Means.. oo coooae caoonn ll 142.8 | 116.9 | 56.1 I 1.0 : 554 BR.T

The manner of selecting the cold waves given in Table I was to examine all the a.m.,
Zmperatore-change charts and ascertain such as had an area of 20° {all of more than
50,000 square miles. "The weather maps of the day before were then looked up, in
each case, and « sketch of its isobars and isotherms made on a small map of the United

tates about 4 by 2 inches in size. Sketches of the areas of temperature-tall were also
Warde on similar small maps, alongside of the sketches of weather maps.

An examination shows that these temperature-fall areasare invariably associated with a
Considerable area of low or high barometric pressure on the weather map ot the duy preced-
Ing the fall. They oceur to the west of the area of low pressure and to the cast and
Southeast of n high area. The exceptions to this arve very rare and where they do occur
are ugimportant as regards the extent of the area of temperaiure-full. A case of this

ind oceurred in North Carolina on February 15, 1889, at 8 p. m.  There was a {all of
189 ut, Charlotte and Raleigh, N. C., as compared with the temperature twenty-four

ours previous which was 54°.  There wag an area ol low pressure 900 miles to the
West of the temperature-fall.

The greatest twenty-four-hour fall of temperature is usually at the center of low
Pressure or within 150 iles of it. It is more apt to be south or west ot the center
than north or cast of it.

The low areas ay & rule move to the northeast, east or north from some position in
the west. The temperature-fall areas advance easterly or southeusterly on successive

ays,  The temperature-1all area follows after the low aren. At thnes it goes ahead of
.the low center towards the cast while the low center moves north,  This ocearred for
Example on December 26, 1839,

The cases where there is u vise of temperature in twenty-four hours at the center of
an aren of low pressuve ure rave.  All the weather maps for ten years, from October to
April, 1820 to 1889, were examined for cases of this kind. Twenty-three such cases
Were found, which are given in Tuble V helow.
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TABLE V.—LOW-PRESSURE AREAS, WITH INCREASE 0F TEMPERATURE IN TWENTY
FOU1: HOURS AT THE CENTER.

[Date given is that of the map having the low area.)

1
Change of
Low > Tem- | temperaturé
Date. :'pressure. Place. perature.| in twenty-
four hours.
—_——— —— -

. | . Rise. | Fall
Oct. B, 1881__;  29.6 | Moorhead, MinD.__ - -covmnwoo . 42 11 .-
Nov. 2,1880.. 29.8 | Des Moines, JoWcooon oL 11
Nov. 5, 1881_. 29.6 | Milwaukee, WiS oo e _. 36 L3 R
Dec, 12, 1830__1  29.6 | Chicago, I} oo oemm e 32 1 ---
Dec. 29, 1880__|  29.7 | Marquette, T — Dzl Bl
. [ Milwankee, WiSooae e ono____ 211 14 |...-- -

_ Feb. 10, 1880 29.9 14 ehieago, T oo - ccomeenmme . 34 '
Mar. 4, 1881%.: 29,4 | Chicago, I1l.o_..... T P, 20 (3
Mar. 5, 1881 99.7 | Oswego, N. Yoo o ommmmwaaa L. 31 i0 |oooo--
Mar. 15, 1882._;  29.9 | Davenport, Jowa_ .- —o_____ 32 [oJ I
Nov. 9,1882 1 30,0 | doooo e e - 50 (13

. | Chicago, IN e 39 5 lecae--

. - o] Milwaukee, Wis. .. - ______ 35 : N PR

Mar. 30, 188 - #9-8 11 Davenport, IoWt_ -~ «wceeemo___ 36 -
i l(j‘mnd Haven, Mich..--- - _______ 34 L7

i { Chicago, IN__ . oo 22 15 [__---

| | Milwaukee, Wis___. ... _._._____. 15 23 {.. o

Jan. 12, 1884 .| 29,9 |4 Grand Haver, Michoo oo _______. 21 7 [oee-- -
| Davenport, lowa .o . ______ 21 16 [-eo-- -

; [ IZscanaba, Michl:__.. e el 4 14 .-~

A . o, ¢ Little Rock, Arkooe oL 44 6 |oo---
Ieb. 2, 1884... -30.0 14 Fort Sruith, AvK e 44 111 .. .
Feb. 4,1884._0 29.9 | Little Roek, Avk___ .. ... ._.____ 65 1o .-
Mar. 5, 1884, 20.8 | Fort Smithy Ark - c o ______ 37 [ 3
Oct. 1, 18850 20,8 | dOoo o e 67 |ocee-. 2

= ' ha e St. Lonis, Moo .o o oea 551 mMo_.---

Nov. 5,1885..f 29.6 |4 quo®ny 00T o 17 ______
Nov. 21, 18850 29.5 | Dodge City, Kans o oL 44 3|
i Parkersburgh, W. Va__._ .. ___ ___. 44 DN -

"Oct. 12, 1888__: 297 {I’it(shurgh, D e L 44 Q-
i Columbus, Ohio. ... ._____ 492 61 ...--

T - Alpena, Mich__ . _________.________ 20 Gl....--

Dee. 24, 1’.28""' 29.8 Chicago, 110 _____ .. __ 8 10 .._.--
! Marquetle, Mich 14 12 0 -

Feb. 6, 1886G..1 29.9 {Es ranaba, Micho. . ... . 10 4 {cu-- -
| Alpena, Mich_ . __ .. ________.____ 192 10 |-_.-- -
I Erie, Pa. . o 40 G loow-- .

Nov. 20, 1839__:  29.7 \{Cleveiund, OhiO. e 40 I
: yUBuflalo, N. Y______ ... _______ 42 2 R -
I |

* Mareh 3 to 4 the center of this ares of low moved from the southeast towards thoe northwest.

In these cases the temperature at the center of the low pressure is low for the time of
the year as compared with the mean tomperature. The extent of low pressure in
these cases is apt to be small. In many cag es it is really not o genuine area of low press
ure, heing 2 small circle sarrounding a single observation of pressure which is some”
what lower than those at places round about it. Not more than twelve of these 1oW
areas given in Table V are of any importance in extent.

The total number of cold waves following low arcas in ten years being about 621,
while in only twelve cases during the same time were there any Jow areas of important®
followed by a rise of temperature. it is conduded that in 98 per cent. of the cases ap ared
ol low pressure will he followed by a considerable fall of temperature.

All the eold waves that have occurred in ten years may be Liroadly classified as follows



REPORT OF THE CHIEF SIGNAL OFFICER. 93

ha~Ving regard to the character of the isobars of tie map on the day preceding the tem-
Perature 1all:

(1) Low-pressure area with clpsed isobars and high-pressure ares sccompanying it.
Cold waves may be of any extent from the greatest to the least.

(2) Low-pressure areas aloue, without any accompanying high-pressure area. These
are not usuully followed by important cold waves unless the low area is of' continental
extent. With a center, of 29.3 inches of pressure and the distance across the 30-inch
isobar at its widest being 1,600 miles, there would be likely to follow a great cold wave,

ut not so severe a3 if there was a high-pressure area nccompanying it.

(3) High-pressure areas with very little low-pressure area accompanying them to the
et or sontheast. The low pressure is never eutirely absent in the case of extensive
high areas. The areas of temperature-fall iu this variety of cold wave are very long;
from south to north ot southwest to northeast the length is from 1,000 to 1,600 iles
and the width comparatively narrow in the direction at right angles to this, rarely be-
Ing ag much as 300 miles wide, even in the case of the most extensive areas of high
Pressure. -~
(4) A double V-shaped area of low pressure, one low area in the rcgion of the Great

akes open to the northeast, the other area in the vicinity of the Gult of' Mexico open
to the southwest, with a very extensive area ol high pressure to the northwest between
the two. The cold waves of greatest extent have oceurred with this type of map.

{3) A double low, cne in the lake region and the other on the Atlantic Ocean, and a
high area to the northwest. This is always followed by au extensive cold wave.

These different varieties may be still further divided, first according to the position of
the high pressure with respect to the center of low pressure, and secound according to the
shape and position of the isobars in the low pressure.

The areas of temperature-full have distinctive features depending on whether the
area of high pressure is to the north, northwest, west, or southwest of the center of low
Pressure. '

The isobars in the area of low pressure may be approximately circular and inclosed;
they may he inclosed and elliptical in shape, with the Jong axis lying {rom southwest
to northeast, which is the most common case, or lying from east to west, north to
8outh, or northwest to southeast, the latter being being very unusual. These various
Shaped isobars may he open to any point of the compass. When the low is in the vi-
cinity of the coast, the open appearance ol isobars towards the occan is due in some cases
to the absence of observations.

The longer axis of the temperature-fall area is generally paraliel to the longer axis
of the area of low pressurc on the map twenty-four hours preceding it.  In the case of
Open isobars to the southwest, which is the most conmon of all open types, the long
Xis of temperature-fill area alwayslies from southwest to northeast. In case of open
i80hary toward the south the long uxis of temperature-fall area invariably extends from
Dorth to south.

o There is not such great variety in the shape of the isobars of a high area as ina low.
ey are most commonly of slight curvature, ravely inclosed, and open mostly towards

e northwest or north. In some cases they are wedge-shaped, pointing south or
Southwest, and always in such cases are accompanied by high winds blowing in the di-
Tection in which the rounded ends of isobars point.

The isotherms in the region covered by the areas of high and low pressure where a
ld wave is about to occur usually extend in a direction from southwest to northeast.

ere is not much variety in the position of the isotherms on maps preceding cold
Waves, In some cases they are slightly more inclined to the east than in others. To
the west of the low center, for some distance, the isotherms usually run parallel to the
ong axis of the area of low pressure. At the center of low pressure the higherisotherms
Usually tarn with a sharp curvature and extend towards the southeast; the medium-
temperature isotherms bend less and extend towards the east; the lower ones continue

Owards the northeast.

South of centers of high pressure the isotherms turn to the northwest. 1’rom the
Urng made by these lines it is natural to supppose they are carried into position by
'hg high and low areas of pressure, from what may be called a normal position running
4 little north of east, the low aren of pressure being wmainly a current of air from the
South gnd the high arca a current from the north.

“The density or closeness of the isothermal lines varies widely on the maps preceding
¢old waves. The decrease of temperature may be anywhere from 20° to 80° in a north-
Westerly direction in a distance of 500 miles from the conter of a low pressure, The
* Areg, marked by strongly diminishing temperature towards the northwest may vary &
€reat deal in width, sometimes not being more than 200 miles in a northwesterly di-
Tection and sometimes being as great as 1,600. The dimensions of the area from south-
West to northeast also vary greatly. Usually the greatest contrast of temperature or
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tomperature gradient, as it will be called, is to be found in a direction from the center
of the low or its vicinity, extending towards the north or northwest. To the northeas
and southwest of this direction of heaviest temperature gradient the gradients usually
diminish. In some cases a uniformly heavy temperature gradient towards the west or
northwest will extend for 1,000 miles or more over @ stretch of country extending in #
direction from southwest to northeast. These are the cases invariably followed by eX*
tensive and severe cold waves when highs and lows accompany them. 5

The map of December 31, 1x84, and temperature-change chart of January 1, 1882
at the end of the text of appendix, is a good specimen of a high and low area of pressuré,
with a region covered by stiongly diminishing temperature to the southwest and fol°
Jowed by an extensive and severe cold wave.

The first idexn that occured to the writer with regard {o forecasting the occurrence of
cold waves was to find similar weather maps. It was imagined that it might be po%”
sible to make such a catalogue of all the weather-mapson the day preceding the occurenc®
of cold waves that one could find among the maps.of past years some one identical oF
nearly so, as to their isobars und isotherms with maps as they arise for consideratio?
from day to day-in the forecasting of cold waves.  In such cases the tempemturc-ial 8
that would take place might be considered the same as those that had occurred after the
similar map in times past. Thus the forecasting of cold waves might be rendered &
very simple matter. Dut the plan did not prove feasible, Similar or nearly similal
maps are very scarce. A list of the mups preceding cold waves, which were found to be
somewhat nearly alike, is given below. They are not, however, closely similar.,

Maps with similar lsoburs aud isotherins,

October 31, 1833, ' November 17, 1887,
VFebraary 11, 1881, | November 12, 1836,
December 31, 1886. TFebruary 3, 1886,
Japuary 17, 1885, January 21, 1833,
I"ebruary 29, 1888, January 4, 1888,
March 12, 1888, November 26, 1888,
November 8, 1888, December 20, 1881,
December 4, 1885, December 20, 1887,
November 26, 1837, { IFebruary 19, 1890,

Only one opportunity was presented iv the course of two years in which this princi'
ple was available for forecasting cold waves. On that particular occusion, however, the
forecast proved highly successtul. The weather-map of February 19, 1890, was recoé
nized as heing similar to the map of November 26, 1887, Ac(:m:dinglv, the outline @
the 20° temperature-fall area of November 27, 1837, was adopted as the temperature-fit
area of February 20, 1840.

The resuits were as follows:

COMPARISON OF THE SIMILAR COLD WAVES OF NOVEMBER 27, 1837, AND FunrUARY
20, 1890,

! November 26, 1887, ! February 19, 1890.
' SR } L T
. : ! I
Locality. : < . e 0N X
ocality ‘Ohservcd!tén:g;;_i Temper- !()bscr\'ed t1~ all of | 1 s
lempera-; Los 1 ature  tempera- CIperads - giure
| ture, jorein lafterfall.! ture. | ture in | ger fall
| |~4 Lours. ' 24 hours.
— (O i I. [P e
| © .I 5 ! © i ° o °
Dulathe e oo e . 261 -4 - 8 19 _o4 12
St Paul oo 20 | —i30, —10 14 —o24 ,13
JaCrosse. oo vecece inmnmmaams R S 2 1 | a 20 —90 g
Davenport .. .. - . coonen- o 34 —30 | 4 | a8 —920 g
Keokuk oo oomomoi e 3 | —24 10 39 —94 8
St. LOWIS o ceeeno 41 =24, 20 40 ) 16
CRITO. e ' 60 | —-22 38 42| —16 20
Memphis o oo - ; G4 16 48 64 24 :‘;8
Little Rock . oooccciomaemaen, 54! 18! 36 6 —98 :
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COMPARISON 0F THE SIMILAR CoLb Waves, ere.—Continued,

November 26, 1837, : February 19, 1890.
Locali !F'll‘i ‘ |<‘llf.
ocality. Observed tl,‘t 0‘, . Temper-{Observed tlxu ° _ Temper-
, tempeor- Il(t?xlr]:ilx;'l 51tu1'(: I temper- aﬂ?}:’;] ! _ature
ature. '24hours.;alu:ljiznll.; ature. [24hm"s.laiterfall.
e o | o i o : o o

Shreveport™ ... oo ..ot ! 64 - - -24 40 G667 —26 40
Palestine . .ooo oooeoaeeann G4 -6 2% 6o b -—12 54
Sag Antonio .. ..o .| AR =90 58 | 66 0 66
Abilene ... . .. ... 50 TN 16! 66 | 34 32
Fort Davis . o - - .- 51 26 P2 ST N R
Ll Paso. o oo 48 § 18 30 38— 44
Port Sill .. o oo i 42 32 10 44 —22 | 22
Fort Blliott._._ .. 8! 2! — 4 40| —20 | 20
Fort Smith .- .- 500 —uo| 20 81 —16 | 32
Lamar . .. ... oo eeeeeeoe- 12, =36 6 16| —30 | 16
Kansas City oo .vnromooeeeme 34 —38| —4 2] 24 8
Concordia .. ..ooovno oo 321 ~-42 —10 24 —22 2
Dodye City cooooaoo o o aens 30 - 0 —10 28 —18 10
Pueblo ... oo 26, =0 —14 0| 20! 20
Denver .. .. ...l 8 —18: —10 20 — 4 22
Des Moines ._.... ... . .. 30 B - 6 2 —30 | — 4
North Platte..... .. . ... .} 4 —aR 12 e
Omaha .. ... . . S50 40 . 10 . N0 —9R | — 8
Yankton ... . R 6 - S E 14 =2l —10
Valentine .. . .. ... . . . 22 —y 300 2 =10 —12
Hwon ... ... . . . 1 —30 —2p =6 —10 . —16
Fort Sully . ..o o oo ons w.e2 ey el 10 I8
Moorhead _..o. ... .. .. 2, —I8 —20f --10) —8 —18
Bismarck __.. ... ... 8] —1| —22 i -0, —d —24

* 1'all of tcuipernture on 2ist was 262,

On lurtherinvestigation it secms that identical weather-maps need not necessarily be fol-
owed hy similar fillsin temperature.  The quitesimilar mapsof December 4, 1885, and
December 20, 1887, type N LI, except as to the slight difference in pesition of the centers
of low pressure and openness of the isobars of Jow was followed iu the first caxe by o cold
wive of the extent of 21,1, while in the other the exteut of cold wave was only .22,

It need not necessarily be the case that two similar maps will be followed by like falls
of temperature,  With exactly similar tempieratures at the ground ontwo difierent days,
the diminution of temperature upward in the air may be very difterent on tho two oc-
tasions. ‘This is the ouly satisfactory explanation of the dissimilarities in temperature-
fall tollowing similar conditionz on the weather maps.  The Signal Service weather-maps

ave nothing that shows the temperatnre of the air in the higher regions,

The low areas of pressure mostly originate in the seuthwest and move toward the
Northeast. At times they form in the west or northwest and atter moving southeast
then turn and move northeast, 11 two similar maps could be found, the one occarring
ufter o low arca has advanced to the southeast and one on some other occasion after the
low has moved from the southwest towards the northeast and reached the same position
a4 in the first case, it is coneeivable that the upward diminution of temperaturc in the
air might be very diflerent in the two eases, and consequently the falls of temperature
lollowing them be very diflerent. :

As it was considered that a classification of weather-maps preceding cold waves made
With g view to discovering similar ones, might prove usctul in the practical work of fore-
casting cold-waves, this was doue.

Table VI gives the results of the classification of all the weather maps preceding cold
waves that have occurred in ten vears.  The table is preceded by a deseription of the
Various types of maps intended to be of service in discovering maps similar to those
that may arise from day to day in the practical work of forecasting. A specimen of
each type is given. The red lines are the isobars, the dotled bine lines the isotherms.
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Theé temperature-fall areas (not reproduced) are shown by green lines. A short de-
scription of the type of weatlier map preceding cold waves 1 given. The latitude and
longitude of the center of low pressure is given, the Jowest and highest pressure and
their distance apart, in miles, the direction of high pressure from low center, the highest
and Jowest isotherm and their least distance apart.  The classification is made to de-
pend principally on the geographical position ot the center of the arca ol’ low pressure.
No detinite district bounduries have been adopted. The type is described roughly hy
the place its center happens to be in, as, for inxtapce, Arizona, Texas, New kEnaland,
ete.  The districts are taken with an area of ahout 250,000square miles.  The M issouti
type includes pot only those with centers in the State of Missouri, but also those in
parts round about it for some distance. The type is also described with reference tothe
relative positions of” the high and low centers, and with reference to the shape o the
area of low pressure, and the openness of its isobars, ete. The object ot the classificu-
tion is not only to discover amonyg buck maps ones similar to such as may arise i the
future, but also to ascertain what characteristic teatures they may have, il any, which
may be of service in indicating the shape,r position, or extent of the subsequently ocent-
ring area of temperature fall.  Thexe weather maps with their temperature-1all areas
bhave heen arranged all of the same type together.

TARLE VI.——DESCRIPTION OF TyPEs or MAP ACCORDING 10 1SoBARS 0N DAYS PRE
CEDING COLD WAVEY, OCTOBER TO MARCH, 1880 10 1889, INCLUSIVL.

|I.—Arizonu low; high to north or northeast. Type January 14, 1888, Number of cases 6. ]

| | ' |
i . : ' TE : . i
I Low Lati- | Longi-: Ifigh | Position | D'Sm“""v|

105

u
=

o

Feb. 15,1889.. 29.5

Date. il’:':;zhf' | tude. ;l tude. [ PIoet Ifrom low.| h}'(’:l\'v.t“ ! Temperutures. '1:1)::(‘

. : \ . .
I T S In.” i Miles, ! ° o E Mites.
Oct.» 7,1887_.129.3 35| 110} 30.1, NW. | 1,000, 30te70N. | 700
Jan, 14,1588 20,8 | 351 1071809 N. | 1,00 —40 TON. 1,200
Mar. 118981207 34| 106130.6) NE ! 700' —10 50N, | 600
Mar, 95,1865, 29.5 | 89 107 180.5, NE. | 700 —10 50Nk | 800
Jan. 19,1889__ 29.9 . 36 ‘ 105 | 30.5 | NW. 600 —10 CoN. 11,600
P 4, XN | w0l o coN 3,100

[11. - Utah low: isobars circular. Type November 25, 1887, Number of cnses 3.]

Nov., 25, 1587, 20,0 40! 112 30.3:. N, - 700 | 0 {o 3G NE. 300
Nav. 21, 188G, . 20,4 420 112,30.0 N. 5000 0 30 NL. 200
Dee. 28, 1889, 29.4 . 39 104 | 30.3 NW, 800 20 50N, 700

[ —]daho low; comet-shaped (sce also Pype LXV. .hn:\uury 21, 885, Ty pe December 26, 1857
Number-of cages 5.]

Dee. 25,1883 20.5 Los1 ] 111 036.3 \ SwW. ! 600 | —90 to 30 I'..__-—'

Deo, 22,1836 | 20,8 | 46 | 114 [._____ s R —10 sop.

Jau. 24 1887..1 29,6 | 44| 306 || .o |o__. To0 wo N | 600

Dec. 26, 1857_.1 2041 _L_____ 130.1| NE. 600 | —20 2oN. | 400

Mar. 8, 1888, 29.6; 41, 1121302 i _...... Lo 0 40 NE. 400
. | ! : .

IV.—Colorido low; comet-shaped; northwest to southenst; flat and narrow; long west to easti
high to north and northeast; important typo. Type February 10,1837, Number of eases 5.

e -
|

Dec. 21, 1884__| 20,6 42| 101 l 30.2 | NE. 500 | -~30 1o 60 N, 1.400

Dec, 23, 1884 .| 29.9 ... .| 3040 NE. 300 | —10 40 NE. ﬁﬂq

Feh. 10, mmg‘ 90.6 1 ... | 730.4) NE 500 | —30 50 N. sOB

Jan, 4. 1888 1 929.5 0 10} 108130.5° N. | 100 —10 40 N. 500

Teb, 13, Ises_ | 2006 . A5 3 30.0 N. i 400 i —10 40 N. | 50

January 4, 1888, and Fehruary 13, 1885, are alike.
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TABLE VI.—DeEscrRIvTioN oF Tyees o Map AccorDING To IsoBARs ON Days Pre-
CEDING Conn Waves, re.—Continued,

5

{V.—Coloradu low; triangiime ilal fep, penk pointing south;  high to the north, Type Murch 9,
1xss, Number of eases, 6,

i ! S . ! |
Low = Toati- i At!l"i-. fhigh Prositi Distanee,| Iy i 18-
Date. |nlyl'<l::s- ‘ tiide, ! Im-l Lo plul‘(l:::» h'un.llz;‘::‘l.' hl):‘.’)l\l\'.ln . Femperatures, j (2::30.
- - : ‘ . _ Cm e P
[ R A [T HANE ¢ Miles.
Dee. 20, 1824 [P 1) A0 A T W SO0 —30to JON. 0 Hu0
Nov. 22, 1856 Todd 1 no.2 N AN 0 GON. i 500
Jan. S1, Iss7_029.6 0 87 10230050 N TO0 . 300 A0N. 1200
IFeb, 2, 1SK7_1i 29.6 1 38 1o 3070 NL B0y 0o 0N, L d00
Mar., 9, 1838 29,61 37 R L R OR N. T00 =20 JON. 600
Mac, 14, 1889 1 29,5 (1 103 30.4 0 NIE. 4 6 DON. 1 Htw
1 ! | . ! i

[V1.-- Cotortdo low; long, nurrow, northeast to southwes!: liph to the cast. Ty pe October 19,
1856, Nomber ol cases, 7.

: ; ! : .

Feb, 18, 182 2000 ' Lo 0 . ....'_.._._' 0totoN. =0t
Mar, 26, 1==2_ 02006 0 37 | S I { i U S | BN I 100
Dec, 6, 1SR 20075 30 102 o000 NW. o Looo

Ot 19, 18R5_ 295 1 40 102 3o N, DOV L B0 G VWL BOn
Nov. 1, IN36_ 20,7 | 377 1t 5002 NW,o 700 S0 50 NWL
Oct, 22, IRN7_ 0 29.7 | 40 0 106 302 NW, 700 0 20 A0 NE T 500
Jan, B odsssdo0 2005 00 B8 1050 BO.3 Lo oG Be NS Lo

[VIIL— Colorado low; big, trinngular in shape: bizh bortheast and east, Pype Sharch 21 1sws
Nutnber of enses i

Dee, 3Iew7_ 20071 807 101 3.3 NE. foo....  0totd NW.  1e00
Mar 24, 1838.. 20.6 1 33 105 30.6 . NE, 0 700 —-10 10N, H00

[VIIL-—Lexaus low; high to north, like VI only Gether south. Ty pe Novembor 200, 1597, Nuai-
berof cases, 20

B B T s e
Nov.26,1847__' 2n.8 | 33 102 ls0e !l N ¢ 1,000 ' —30t060 N, 1,100
Dec, 27 18%7. 2961 33t 101 30,41 N1 1000t —20 0Nw. 400

[IX.- Texus Tow; trinngulae shaped; pointed northenst, "Ii:.:h northwest, Type November U, (859
Number ol cises, Hyy

I i
Nov, 4, 1880__ 20,5 gt 100 Ben N, T SOLo GO NWL. | 700
Feyy, 17, 15<1 9,8 U TR A P A N. o0 =220 60 N, | 1,200
Jan, o issT L0 2 h T B TV R P e 2 T 1,600 =30 60N, o0
Mur Jo, Ds=5 o202 34 100, 30.3 1 NW. ! Looe Jo S0NW. . 6Uu
Nov. 11, Is=0. . 20.6 ' 356 Lo 30.4 | N U0 0 SHON. I 700
—— —— .!., . ~ l ————

s16 90—
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TABLE VI.—DESCRIPFION 0F TYPEs 01 MAP ACCORDING TO IsoBais oN Davs PRE-
cEpING CoLnp Waves, grc.—Continued.

REPORT O

|X.-=Texas low towards northenst, long and nuIrow rounded point northeast, Ty pe Februarys
1‘)

21854, Number of eases, 10,

Cee - _ )
' . Distance,;
Lougi-;

1 Low abie High Position | TR, . js-

Date. : l)‘ll';::.ri- {I:::‘:, i tude. i ])‘I":*‘ from low. h'n’él\'v,“' : Temperantures. ;ml')"‘_c'
_— . - - ' [ - ! -
Lo, L Y A Miles, b ° Mites.
Nov. 9, 1880 ' 20.7 320 100 30,00 NW. i 7001 30t 70 NW. £00
Nov. 16, 1882 30.1 40! ' 51 NW. 700 20 40 NW, 00
Feb. 3, 1883 20.9 .._._ .. L& NWL GO0 © -—10 GO NW, 1,200
Dec. 30, 1883 29.9 . 26 | ,5 0 No T 600, —20 50 NW. 100
Feb. 12, 1881.. 20.9 1 83 = 95 30.6 N. i B0 —20  GON. | 00
Nov. 22, 1841, 20,7 35 U6 [ 30.4 ' NwW. | 600 | 0 40N, D00
Pee. 17,1884 . 30.1 ot NW. 100 1 =30 60N, 1,400
Mar. 22, 1885 20.8 27 9T N D L6000 —10 0 60 N, , 300
Jan., 2, 188G, . 20.7 o8 07T 3003 N. 1,000 0 GONW. 1,000
Feb, 23, 1887. * 0.9 B 98 B4 N. 600 —20 GU NW. ! 1,000

“Texas low: rounded point towinrds northeast: santens X ouly low further west; isobars more
1

CX
erowsded and nenrer const, Type Noveher 16, 1556 Number ol cuses, 4.

FPeh. 20, 1882, . 298 34 95 30.3 N BO0  —=30 Lo 61) NV, 900
Nov. 11, 1836 30.0 2 96 30.4 N. 400 200 TONW, (Y
Nov. 16, 188G . 29.5 3 100 . 30.6 . N 400 200 G0NW, T 700
Nov. 23, 1887 530095 3005 N 100 0 50 NW, 700

0.1 0

| XI1.--Texaslow; high Lo north; same as V1T only the low ismoreextensive, ‘Type October 8, 1857
Number of cases, 3.

97 30.1: N.

Jan, 16, 1881__} 29.8 33 600 , —10 Lo 50 N, 1, 000
Jan, 18, 1883 29.9 - 36 : 103 - 30.6 | X, ' 700 - ——30 30 NW, 1,000
Oct. N. 500 - 40 F0NW. 500

8, 1887..0 9.6 . 33 102, 30.1,

[XI11.—Texasund townrds west low: sumens Nilcxeept that low is more extensive. ‘Type March
20,1856, Number of cases, 5. N

‘ , 1,300 ' —20to 50 N, © 1,300

Jan, 15,1885..1 30.0 "ot - 30.7 N.

Mar. 21,1885 20.8 | 20| 95 30.5) N. 1,300 | —20 S0 N. ! 1,200
Mar. 29, ]886--I 0.9 1eawooloeeen 30.2 N. 400 ‘ 0 T0KNW. ! 9ub
Jan. 15, 18861 .. [N D, 305 N.oo_...__. L —10 50 .
Mar. 27, 1886..; 29.9 ' ............ 30.7| N 1,000 | —10 S0N. |1 300

fInt east-to west on coast; high to the north. ‘CypeJanuary 4, 1851, Nnmhcl"’f

cases, ]

[X1V.—Texas low;

1,200

Mar. 13,1880, " 30.1 ... ... 30.6 Pe o emmeieoma i =20 t0 HONW.

Nov. 17, 1880. . 30.1 - 25 94 :380.7; N. 500 —10  SONW. | 900
Jan. 9, 18811 29.9 oo —on-- 130.6 N 900 | —40  JoN. 1,400
Feb. 27, 188 9958 w8 97 30,7, N l 1, 500 | —30  GON, I 1, 400
Dee, 12, 188 30,0 97 97307 NE. | 1,200 0 GoN, ' 6oV
Jan, 7 1886, 29.8 | @8] 971308, No f 1,200 —30 50N, | 1,300
Veb. o 1. e | 27, 97 B8] N wseo ) —o G0N 1,500
Dec. 31, 1886 .| 29.8 |...--- . 30.8 | NW. 1,000 | —30 60 NW. | 1,600
Jan. 26, 1889__] 29.9 . 30 I 92| 30.6 | N 800 | 10 50 N. 800

1
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TABLE VI.—DESCRIPTION OF TYPES oF MALI ACCORDING 10 ISOBARS ON DAYS PrEi-
CEDING CoLD WAVES, KI¢c.—Continued.

{XV.-—Texas low; very extensive, reaching lakes; high northwest. Type December 19, 1887,
Number of cases, 6, | .

, - T o .
. i Low . Migh ', Distance, | .

Date. | plrla;:q :1;:;: |I{°“:;§l' l):(:;s- fl"‘)’;',')'(;""' lngl:.to : Temporatures, “gl)l'(‘:,.
I .

- ’ | J— ——— . _I E -

| [ L /T | ites. ° @ Miles,

Mar. 7,1880 .| 20.9° 3. o7 308 N, | 1,200 | -=10 to TON. | 1, 200

Jan, 1‘) 1883 20.9 , 27 97 ‘ 30.8° N | 1,500 ° —30  D20NW. |.___..

Dec. 30, 18-34_-‘ 30.0 [o.._.. . 0.8 1 NW. L. —40  GoNW. 1,100

Dec. 29, 1885__1 29,8 370 1020 30.3 .. UGN D,

Dec. 23, 1886__1 20.9 . 34| 101 | 30,2 | NW. 00 0 o NwWL | o

Dec. 1‘) 1887 "‘} 7 i ‘31 ! 102 ' 30.8 } NWw. 1,000 1 —20 30NW. oS00

{XVL—Double low; Texas or vicinity 1o lake region: nlso Utah to Inke region; northeast to
southwest, Type Junuary 16,1882, Number of cuses, 13.

! !' R .
88, 30.4 ! NwW, . 400 —10to JONW, H00

|
Mar. 11, 1880. . 30.0 | 41, |
Nov. 18,1881 9.9 ' 331 99 30,6 NW, 900 —10  TONW. . 1,200
! a0 qt ! ' . :
Jan, 16, wsm'l S0 o !} e BOA Lo =20 GON. 1,000
Mar. 12, 1982__. _____ b L B0.2 ... 10 AN, 700
. ;| 20000 . an e aaw
Tan. 23,188 L1500 10 B8 ... —30 SONW. 800
1y i i . |
Feb. G, 1884' By g b ol B0 NWL T 00 —h0 GONW. 1,200
Oct. 20,1884_. ...l .. — (804 o300 GONW. 400
Dec. 24, 13841’5 sl az s3 3081 Nw. 900 —10 60 NW. 1,300
29, i , !
. (] 29.8 (1303 NW. ;1,000 9 ,
: ~ ] . | 1 . . .
Feb. 8, lH'lialI 2.8 } U305 N 1d00 410 GON. 5300
(e Can 6w o §—20 GONW. i 1,200
Tan. 7, 1888 (] 5o g | fooocloeees 0.6 Wo 1500 §700 0 SONW 100
Feb. 14, 1898 | | b | SR L3090 N. i 800 —30  BONW. 1,100
o ! I | ! i *
Feb. 17,1880 f| 28-6 10 | B0.3 1 .. . —820 GONW. 1,200
, Ll 20.8 |5 , , _
Peb. 22, 1649 $0.0 | BLY F— (=38 BONW. @ 800

[XVI1l.—Double low; Texas to lakes or Georgin to lakes: north to south; something like XVI,
Type Fobruary 16, 18583, '\umhcr of enges, 18,1

Nov. 5,1850 {1 203 '} L I 30.30 N1 800 | —30t060 NW. 800
Dec. 5, 1480 29.2 | 45 | 85 | 30.1 ‘ SW. | 30010 0 GONW. 500
i - : . Nw, 700 1 . ~ -
Nov. 8,1881..1 20.8 ' ____. S s0.2 I{ : 30 F0NW. 700
, - SW. 100
| H ! |
Nov. 23, 1881 29,9 | .|__' 31,0 I{\‘I‘(\ [ 10 1o Goxw. 1,100
Dec. 14,1881.1 20.7 | a7 | 72 lnos i SW. 1100 10 s0NwW. 1 100
Febh, &, 1582 | 20.8 |..___. .7 taocal WSl Tweo - o soNWL oo
A 02908 .| i LrSW. | 500 . !
Nov. 12,1882 1 30 ¢ | 7T 808 i Rew 50007 @ TONW. . 900
~~~~~~ [ | ’ .
Tan, 20,13 [ 3001 30,3 )________!_w____ . —10 1ONW. 1000
L - ! : | 1
Veh, 16, 1883 {' s s oW AW 0 GONW. om0
PGS | ! :
Dec 31029641 £ 30.5 ¢ | .
e, 13,1888 " 5y | 1 S [ 051 W rommmm el
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TaBLE VI.—DESCRIPFION OF TYPrEs o MAr AccorbiNa 1o Tsopars oN Davs Pre-
CEDING Corh Waves, grc.—Continoed,

[XVII.—Double low: Texas to Inkes or Georgia to Inkes: north to south; somethiug like XVIL
Type IFehrunry 16, 1853, Nmber of cases, I8 Continned, |

—— . o o - p—
Low e C il g Pistance, : [,
. e Tati- 1 Longi-| DB D position |70 - ! N
Date. | pr:l,?:' | tude. | l:l’:';c.l I plll‘l'_:’f' 'l'n‘))mlm\',' h::'\il” Temperatures, l l‘::\l;
. . . i
n. | Ta, . Mitee, e ° P Miles,
Jan, 11 18R1 008 e L3 6 T SWL - 200 60 o
IPeb. 5, 1831 729,06 4 8y 502 NWw. 700 0 GONW. . 8§00
O - 11 . S L Bor WL G350 S
Nov. 27, 181 Sotg T TR0 NW.  do00 , 100 GUN I'1, 200
g : . . :
Dee 11,1910 B2 L ur w6 soa T N0 L0100 70N, 1,100
Dee. 8, 1885 : - o Tseal NWL O Lun 20 6o N. 1,000
. : | 1 :
o) N ! .
Jan. 22, 168496 WL 806 W. L 60030 ZONW. 500
Jan, 1,188% 0 2002 460\, 3001 SW.o. 600 300 GONW, {1,000
Feb, 4, 18NS : :::; ]' . B0 W, i.___. - ¢ 30N, | 400
b ROT L . 30070 SW, o !
Mar. 11, 1885 5o 7777 o W l} 8OO | =20 GONW. 1,500
- i : (Pnoot 1 NW.O 1,000 ) ’
A S 2SN ) - : i1 - 30 N
Dec. 25,1838, 200 ooy Ly w0 | o0 ¢ O 60N. 1,100

[XVIL--Manitoba low ; very wide eist and west; hig_h to south. Type January 17,1881, Num-
buer of cases, 23,1

Jun. 3, 1850 20.1°

Jan, 18, 1890 - 297 e e eeee. 1010 B0 NW. 51,100
Tan, 95, 1880.21 29,6 | oo 200 HONE. L
Dec. 13, 1850__) 20.6 1 47 1 99 i B
Jan, 20, 1882 0 2007 [l oo SW. Lo S 100 BON. 500
Jan. 25, 1882__1 29,6 | - i e e ee 10 ONW, D400
Feb, 15, 1682, 29,6 1oL .
Jan, 9, 18852 2.5 oo J— (3067 NW. | 500 —lo 40K, | 400

Feb, 6, 1883..0 20.8
Mar. 17, 1883 .1 29.2
Oct. 20, 18831 20.4

10 7TONW.

130, 2

30,41 SW, | 600

; o G
Jan. 17, 1881... 20,6 n o sk GOy e e
Jan, 8, 1=35 20,3 B0 S 1,300 0 . . .
Mar, 20, 18%5 . 2008 30 4 < \ S0 T _“““i-_“:_
Dec, 22, 18250 29,7 480 97 0.2 SW. Soo T -
Jam V1 TaRT_ 2B e Srememo e
Yane 1a anwr o7 L o Tl e e, T

Mar, 1, IBRY

Mar, 23, 1857 .
Nov. 18, 1887 | 99.7
Nov. 21, 1887_" 2
Dec. 8, 1887..1 2
Mar. 12, 1889_.i 2
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TABLE VI, —DESCRIPTION 08 TYPES 0F MAP ACCORDING T0 ISOBARS 0N DAYS PRE-

[XIX.—Manitobn low;

ceEnING CoLp

Low |

long north and south, open north,

Date. n| tade, | st
m'c. ,
e .

Jan. 5, 18&0_-| :2:).7 [
Feb. 16, 1H~o__] 90T L.
Dec. 1, 1830 20.31 50 |
Jan., 29, 18811 29,9 | L S,
Ieb, 25, 183120 2.7 1 ..
Feb. 12, 1882, " 20.7 | a7
Mar. 17, IRR:2. 25,60 44
Dee. 11, 155200 20.7 | 49
Nov.25, I883_. 20.5 | 50
Feb. 24, 1886.. 20.6 ;50
Mar. '7, JRHU._‘ DR 4y
Dec. 20, 18561 29.6 1 50
Mar, 6, 1437_.[ 20.3 ] 51
Dec, 25, 1887..] 29.8 v _____
Feb, 21, 1888__| 29.8 | 43
Mar. 14, 1888, .| 20,8 51
Dee. 22 I8RB. | 209 44
Mar, 18, 1883, _] 20,4 47

WAVES,

cnses, 18, |

High | o, .. Distance

press- "}(::;'ll::"{: high to

uro. | 1 low.
JMilex

W

400
W, o Lo,
SW.o1 1,300
W, 1, 300
SW.
NW, 40)
W.oo 1,100
IDR 300
W. oo SO0

W. P

Ere.—Continued.

‘Type November 25, 1885,

Temperatares.

20
1]

(.’, -

.U
30 NI
60

H0 \'L
GO NW.
A0S,

30 N
40 NI,
40 15,

Number of

Dis-
tance.

!
I Miles.

300

1,000
400

B0

i 600
300
[

[XN.—Imkoti low; northenst and southwest. ‘Pype Febroary 14 1850, Number of cases, 12, |

Feb. 11, 1880__| 20,3
Mar.
Oct. 14,

Jan.
Jan,
Feb.
Nov,
Oct.
Oct.

Nov. 10, 1852 __ !
Dec, 223, 1R85, 1 20, 9 ‘ 47

(XX

Jan.
Mar.
Dec. 1
Ieh,

Dec,

Jan,
Oct,
Dec.

Nov.

Nov.
Mar.
Mar.
Ieb.
Jan,

Dec.

Dee.
Dec.

GIBRO_ 205 | 43 o1
1880, 29,2 47 A
O, 1881 20.61 42 . 95

12, 1881
26, 1851
16, 1881 __-
15, 1882
30, 1382

TR0T 43

94 f
ot

29.5

'»)0'

! 93
| o
!

104

~Dakota or Minunesotn low
26, 18801 29.4 [ 43 | 93 |
6, 1890 20.8 | e
R T A I S I [
R BT I
13,1H<u quet a5 i 95
12, 1883 20,5 | 45 93
B, B33 P06 48 95
171885 204 46 ' 9y
L1885 2006 43 1+ 96 |
40 and 50 close;
30,1831 29.7 | 44 | 101
B 1R87_ . 20.8 | .. e
1.,1%&7 c00.81 47 | w6
AR89 2008 | 4L | 9y
’0 1830_ . 99,8 48 | 92
130, 1 w94 | a7 | 09 |
15,18&9,.F 99,6 | 43 96 |
24,18H9llt?9.8 15 9

43 | 97 y“

1o
Q0 b

long north to south; inclosed.
her of enses, 171

N 500

30.2
30.0 1.
T S DU
RIS W, ’ 1, 00
30.3 1 WL 1, 200
30.3 i W i 900
30.3 1 NW. 1,000
30 and GO far ofl,
P30.21 SW. ' 300
R S B
30.2 1w, J 500
30021 WL 700
3041 W, 1. Guo
30.0 1 Nw. | 60O
20,1 W, 800
3.4 NW. GO0

20 to 6O N,

1]

40
10
—10
20
10
30
30
10

—10

0 to 40 NW,

20
10
20

0
—20
10
—10
30

50 NW,
GO0 NW.

20,

30 N,
GO N.
a0 N,

GO NW. |
GO NW,
60 NW,
20 NW,

Ty poedanuary 12, 18%3,

60 N,

GO NV,

10.
50 N,
20 NI

70 N,

A0 N

H0 NW,

50 NE.
40,

30.

40 NW.
10 NW.
50 N,

I 1,000
400
H500

100

Num-

500




102
TABLE

[XXHL--Minncsotn low;

Low

REPORT

Duate. | press-
ure.
!
| I,
Jan. 30, 18‘33 _i 2003
Nov. N6
Mar. 11, C 21
Mar. 14, 1835__ 20.5
Ireb, 184, 1886 _. | 29.6
Dec. 223, 1887 .. :") [
I'eb. 4, 188!)__ p

Jan. 16, 1889 ..

| XXII.—Double low;

Mav, 9, 1887.., 20.9
99 5 |

I
Mar. 20, 1883 ] . 50 |

[XXIV.--Wyoming and Dakota;
Feh, 6, 1820..1 30.0 1 44
el 26,1880, 29.6 + 45 ¢
Jan, 27, 1882_ .| 30.0 ' i
Feb. 15, 1883._| 29.7 '.___. 1.
Feb. 18, 1884 . 20,4 1 45 |
Jan. 31,1885 .1 30.0 " 44
Ileb. G, 1885 29. 3 o
Jan, 19, IR37_5 20,2 45
Dee. 18, 18872 20.6 0 45 .
Nov. I, 1=88 | 20,71 41

INXV.—Minnesota or

Oct. 16, 1880 .1 98,9
Qct. 17, TRR0 .., 24,
I7eh, 10, 1581__° 29,

INXVI,-- Migsouri to

Feb. 27, 1880__" 29.

Mar. 4, 1880_.: 29.5
Oct. 15, 1880._; 29.6
Dec. 4, 1H80__" 29.6
Mar. 2, 1831.. 20.6
IFeb., 7, 1RR5. : 29.6
Feb. 17, 1B87._ 20.2
Nov. 22, 1887 . 29.6

VI.—DESCRIPTION 01

inclosed;

Lati-
tude.

Dakota and Michigan,

43
47
4H

38
40
39
40 !
33

[$20

:

Tyres oF
CEDING Conb WAVES,

low extensive.

T

|
"Longi-
tude.

92

92

95

834
98
83

95

97

"9y
99
99
112

95 !

101

Lake Superior low;
Ty pe October 16, 1880,

92

87
86

Colorado low; rounded northeast:

1887,

96
7
96
96
96
9%
100

sonmething like

CHIET SIGNAL OFIICER.

Mar ACCORDING T [20BARS ON DAYS PRE-
Erc. —Continued.
NXIL

Type February 4, 1889, Number of

cnses, S|

High ' Distunee, :

| pross: rf:,','::‘,’:,’{: high o Temperaturos. | (i
: |
! - v B}
I £ Miles. ° N | Milex,
D30.3 0 NW. 5007 10to40N. 400
3020 W, 001 w0 GONW. ' 600
30.0 0 NW. 1,000 | —20 60 NW. © 1,200
30.4 W, TOO | oL
Ss0.4 NW. o Lo ¢ 40N, | 600
PB0.5 0 W o
30. W, 00 0 —10 40N, 300
30.1 0 NW. 7001 0 50NW. | 700
: 1

Type Mavel 20, 1835, Number of cases, 2,

100
900

10 to 40 NW. °
0 50 NW. .

NW.
wW. . 1,100 .

30.1 -
30.3

Type February 15, 18383, Nuinber of cases, 10]

T e s ' —20to 30 N.

500
- ., —10  H0N. - (1))
: 1 —H0 GO N. © 1, 100
! - —10 30N, - 4w
i i —20  J0NW. ! 800
l 3.2 N 300 0 20
e e —30 30 NI 500
|20 o —20  GONE. . 600
bemmm - - [ 10 50N, Jou
[ oo e e 80 GO N, 500
7 1
open northwest: high soutlnw st ov outh in Texns.

Number of enses, !

30.2 s. II ceeeend B0 OGO W, T GUO
0.3 - SW. 900 30 T0ONW. 900
BTSN PR, 10 50 W. 900

o

high northwest.

" .
g I'ype November
Nuamber of cnses, 8

]
3.7, N |00 | —20t0 50 N 900
G 60N, 800
302 W, B0 70NW. . 800
N I P10 60 M. 900
N 10 50 NE, 800
______ o —20 50 N. | 1,160
e 0 GON. 1,000
20310 NW. 1 L000 10 50 NW. I 800
i I | i
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TABLE VI —DESCRIPYION 0F TYPES 01 MAP ACCORDING T0 [SOBARS 0N DAVS Pr-
CEDING CoLb Waves, gre.--Continued.

INX V1L~ Missouri low; open southwest, like XXVI, only rounded end more to the north llmn.
the northeast; bigh north, and in sonie eases northwest. Type December 31, 1887, Nuniber of
cases, 17,0

: : | i ! :
- Low | Lo N 1gh L Distance, ! . . .
. Lati- | Lougi- Position P ’ o Dig-
Date. ' "I‘;::q'! tl:lvl;. ; lul(llt. i":‘l'_”c’j' 'ifm(l):l Tow. hlz’\l“..m Temperatuves. ! (gnce,
| .
N
TN | o | o | Miles, o ° v Miles.
Janm, 97, 1880..0 20,7 1 871 o7 lse [ .| —20t0d0 NW. 1,000
Dec, 20, 1881 - 30.0 | 36 91 30.8° NW. 800 | 20 GONW.. 400
Mar., 4, 1882 0 29.7 | 11 95 - 30.4 1 NW, 4900 10 H0 NW. 200
Mar. 20, 1882 . 0.6 . 43, 96, 30.53 . NW, 600 0 GONW. . 700
Feb. 21, 1983._ 29.7 I ST 95, 30.4 0 NW. 600 0 SON. | 900
Dee, 29, 1883 29.9 41 931 30.4 NW. 500 ; —20 40 NW, ! 700
Mar. 12, Isd._ 29.8 | 370 93130.5 N. 800 1 -~20 50 N. i 700
Nov. 6, 18%85_. 29.4 | 39, 95 1 30.0 W, 700 30 TONW. ! 400
Nov. 22, I885... 29.6 ; 38 90 | 30,2 Nw. 900 20 50 N, &00
Feb, 9, 18360 29.5 | 407 94 } 30.4 N. 600 0 40 NW, 600
.6 ! 41 93 o ... PSR PR 20 60 N, 700
90,0 43 94 !s0.40 W 600 0 SONW., 60D
So.68 1 37 93 30.41 N 5001 10 60N, R00
29,6 ' 11, 90 30,6, NW, 00 10 GO NW, 1, 000
20,5 42 91 Bu. 3 NW, 700 -—10 40 NW, GO0
29.6 40 RTOB0.5 0 N, 1, 000 | V] 6O NW, - 1,100
29,6 3 93 B0.h NW, 900 20 60 N'W. 800

[INNVIIL- Missouri 1o w: open porthenst and sonthwest; high northwest,  Type Januavy fo, 18NSt
Number of eases, 6. |

Oct. 3, 1880__ 29.9 L as| = | 30.3 ] NW. I 600 30to60NW., 800
Nov.30, 18810 20,9+ 40| 93 30.2  NW. . 3005 0 GON. - 00
Dec. 13, 1851, 20.7 {42} 89 {80.5 1 NW. . 900 --10 60N, 700
Jam 10, Tad . 99,7 a9 erisos! NW. | =00 10 40N, 1,000
Oct. 7, 18%4.. 20,9 40 96 30.3, NW. : 400 20 0NW. 600
Uct. 18, ]85.-‘!“‘ 207 ] A3 97 080.3 0 NW. | 5007 300 G0N, 600

[XXIN.--Missouri low; open vortheast; high northwest, Type January 11, 185, Number of
casces, 12§

| i :
Jan. 19, 18802297 7 40 . 96 l, 30.2 N. 300 | —20t0 50N, 1 GO0
Jun, 26, 18%2 1 20.6 ) 43 05130.1 [ NW. . 500 —10 G0 NW. 900
Feh. 16, 1882 1 20,9 40 | 920 30.6 NW, | 600 1 —10 60 NW, ' 1,000
Dec, 16, 1N83.0 2007 | 41 9T 30.5 0 NW. [ 900 —20 30N 500
Jan. 11, 1885 20.5 | 30 - 97 :gfﬂg’ % NW. | 600 ' —10 40NW. . 700
Feb. 14, 1885, 20.7 1 38| 99 | S S 20 20N. | 60O
Feb, 17, 1885, 20.8 | 5| 95 30.8 | NW 7001 30 30N. 1,000
Nov, 16,1897, 20.7 | 43| 901 30.31 W. 1,000 | 20 SONW. I 700
Nov, 0, 1885 - 29,7 | 38| 90 30.41 NW. i '700: 20 GONW.. 500
Dec. 15, 18880 99,5 | 401 97 ' . ... TN 20 SONW. . 500
Jon, s 18891906 551 95203 Nw. 8000 0 a0NW. 1,000
Dec. 10, 1899 20.7 | 42 ’ 811301 | W [ |10 50NW. 1,000
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TasLe VIL—Duerecnrirrion or Ty pes o Mae ACCORDING 10 IsoBARS oN DAvs Pri-
CEDING CoLD Waves, Bre.---Continued.

[NNX. Alissourt low; oblong nartheast tosonthwest: inclosed; high northwest. Type February
19, I885. Nanher of cases. 8.

. i .
t Tow aati- . ongi iish Position ..“i‘.v“m(.l.‘ " | is-
P, prens I e e OV ",15;';."'! Temperatures. (e
! |
B e T e R -
. . i °© ©° Tu, odliles, ‘ @ ° Miles,
Doe, 26, 1R=5_00 2905, 42 93 5003 | N i GO I —30 to 50 N, 700
7, NG ) H R V5 S (T N N 400 ‘ — 30 L¢N, 700
Dee, 12 1==6 s Mo uh 3005 0 WY, ROO T 100 40 N, 400
Jan, 16, IS<7._0 9.6 3 95 03002 NWL | T00 - G0N, LY
Feb, 10, I88% Jboh.5 0 49 5 1. NW. Lo i 1o 50N, v 1,000
Nove Do I==s_ 72007 385 06 30,8 0 NW.o 0 L3000 200 6o NWL 11, 000
Mar IS5 i8S 2o Jo i 94 0 B2 N, S0 [ 0 50 N, 500
Dec. 16, 1=50__ 20,09, 421 93, 3000 1 N, i HO0l 20 6 NW, 700
: : ! i '

[NXNL—Missouri to lakes low: il and nareow: penked southwest: open northeast.  Type.
Mareh I8, 1883, Number of cases, 5.}

, i : | |
Mar 18, I8=5_0 20,5 | 201 89 30040 NW. | 700 | —20 to 50 N, | GO0
Jaw IR IRSG L 2005 AN I G B0 6 o —20 30 NW. 5000
Mar., 2,187, 2006 45, =1 30.4; NW. | 700 10 6o N, Y
] wne en o 0.7 ONWL 400 ) - .
Jan. 19, 1828 .0 30.2 R AR W05 S 300 _\—-‘l(l 10 N. tR00
Dee, 24, 1==8_0 20,8 '"______._....130.3 1 NW. i 500 0 50N. | 300

INNNIL- - Mississippi Valley Tow : long, open south,  Type Jannary 3,188, Number of enges, 10.]

FPeh. 12, 1881 oo 7 350000 30,4 NV, 900 —10 to 50 N\W. i 1,100
Dee, 21,1281 ! 30, 0 oS 92 Bool . NE. 400 . 20 GO NW. 500
Jan. 17,1583 00000 430 w7 o305 NWL L 500 ) 90 40 NW. G 900
I"eh. 15, 1835 DT B3 Ry 0.2 NW, 700 | —20 30 NW, | 800
Oct, 19, 18550 2906 8 40 92, 30,31 NW. | 700 30 60 NW.[ 600
Deeo 13,1995 2009 0 87 0 8T 105 NW, | 1,000 | 10 40 NW. | 700
Jano SoIRsn w007 0 A0 a2 e g NW, 500 ° —10 S0 NW, 600
Mar, 30, 156G iU 30 STB00 NAW, GO0 10 GO NW, =00
Jun, 20, 1=s0 L B0L0 06 90 306 W, OO -—20 5O N, 600
Nov, Iy, 1800 2. 20 91 300 0 NAW. 600 0 60 NW, £00

XXX =Misgissippi Tow; high northiwest, ‘Pype February 3, 1ss6. Number ol enses, 6.]

: . ; | | .
Dee. 190, 1=53.. 30,0 SR ENC R N. ] 00 1 20 to 60 NWw. 400
Nov, = pessd o P27 0 32 ST5000 0 NWL | a0 B0 6o ..
Jan, a6 2ocs 32 = iaog boNwl L ns00 | -Cio 40 w1800
Feb, 3018=6__ ,35LH oot oowT o Boo |l NwW I 1400 —40 50 NW, | 1,400
Mar. 9, 18<G._ 0% 30 8T | 50.4 | NW. 1,000, —10 50 NWw. 000
Dee, 20, 1887, 2061 50 ot |77 | T | -
; I | [ |

INXNIV.—Lakes Superior and Huvon Tow: Vesluped; open northeast: high to the sonth,  I'ype
Marveh 9, 1883, Number of cases, 4] )

e | . e . L e
Mar, 90, 1=50 29,61 AT I ‘?l [ 30,3 | W, Gou 0 to 10 NW, } 00
IPeh, w22 ISS). 0 290K A7 - ...__.|_ ceee- 100 BONWO 200
Mar. 018 206G, 17 H(i '__ _____i___.____ i —-20 0 NI, fooo-- -

Mar. 15, 1888 50,2 || 30. 4 |- NW.
bl o L
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Tapne VL —DiEscenirriox oF Uy eis or Mar Accorniya 1o [sopans oN DAYs Pre-
CEDING CoLD WAVER, Ere.—Continned.

IXXXV.--TLakes Superior and Iuren low; V-shaped; open northeast; high to the southwest
Type November 27 1857, Nunnber of eases, 1.

' Low ati- ; onei- | TUE T b iorn | Distanee " Dise
Date. f pll;i:q' Lllll‘lll(?l. Itll'(‘h:. : plll;;«- ifll'()mlio(\\:,! hllil:-l” Temperatures. } tinee
1 i .

I S N I I P o i, o o Iﬂ]ih-s'.
Nov. %, IERGL 0.5 4T 8| 304 COSW. | 900 ! --20 10 GO NW. I 900
Dee, 21,1883, 12007 0 30,20 SW. | w00t 20 60 NW.. 500
Jan. .n, st SRR A6 R 303 SW, ‘ 900 i - -20 50 NW.| 600
Nov. 7, 1885 L4 45 RO | B0 SWL 700 | B0 TONW. 500
Nov. IR, 188G .| 29,0 16 S0 3008 0 SWo | 900 [ 60 NW. | 1,000
Nov, 23, ]H\‘(;__,I' D9, 1. 17 90 ' no. e | W, b1, 300 0 GONW.. R0y
Nov, 27, 187" 29,7 16§ =2 ‘ 0.5 1 sw, 500 | —30 GO NW. BOO
Dec, 4, ISNT.E 20000 AT 00 B0 s SWL 500 | -0 50 NWL 1,100
Nov, 2 183500 29.6, 47 79[ 30,3 0 SW. ¢ 1,400 | 30 GONW. P 500
Dee, 27, 1888 129,56 1 46| &4 [30.3° Sw. | =00 10 s0Nw.! 0o
Jan. 17, 1839 | 20.2 [—— Do 30.2 0 SW. | Looo | —10 4ONW.' 700

i . ;

[NXNXVI.—Lakes Superior and ITuron low: V-shaped; open novtheast; high to northwest.  Type
Aarch 23, INS2. Nomber of eases, 22

. | ;
Jan, 2, 1881, | 20,9 | 47 86 | 30.3 —10t0 20 NW } 300
Qct. 10 18810 20.8 47 83 L. [ B S

Oct. 15,1881 29.7 | 15 87 | 30.: i ey Tro N 700
Mar. 23, 1&-42__! 20.9 ¢ 47 87 ¢ 30.6 ! i 0 30N. 200
Mar, 29, 18827 29,4, 48 86 Jecmooilioi_.oo -----———i 20 50 N, | 500
Jan, 3, 18R3_0 30,0 | 46 83 ‘ 30,6 | W, 500 . —30  BONW.: 700
Dec. 1, I8S3..029.G 48 | 80 3000 W, 00! 200 40N, 7 50U
Febh, 22, 1881 29.8 . 48 8913003 W, 500 ) —10 BON. 1 BUO
Nov. 16,1891, 29.9 | 18 © =3 | 3004 |o_o_ ____| 20 A0 NW.T 500
Oct. 7,18<5_130.0 ... 1. __ 5003 | NW. 00 L

Jan 16, 1SRG 29,7 A6 ST B0 NW. 500 @ —10 W0NW. T =00
Dee, 26, 18860 20,82 46 0 85 3004 | NW. 500 1 -0 20 NW, [ oo
Jan, 2O 1RST.O 2006 .0 (4 T 9 ‘ ________ e b BONL U R00
Feb, = 188702006 15 =130 W, 500 0 —20  GONW, " 00
Mar. 24, 182720 20.5 1 43 . 89 | 30.0] NW. ° 300 [0 . .. .

Nov, 5,1887_1 20,9 ° 47 92 B0, A (U 100 GON. 00
Nov., 7,1=7..'920.5 5 4% | 90 -~ 30,2 W, 500 30 AUNW., T 300
Feh, 7,180 1907 45+ =2 @ 30.0 W, H00 | - BON. 700
Dec, 10, 18=3_.| 2o "o .. 00| NW, 700 0 S0NW, . G0
Dee, 30, 1888__7 30,1 1 49, 00 | 30.6 W GO fome oo e

Mar, 26, 1829__[ 20,8+ 47 =9 30.22 NwW, 600 00 o [P

Nov. 10, 1889__1 20,6 48 S 30,0 | L. ...

| '

XXX VI --Lake s Superiorand Turon low; V-shiaped ; open northeast; highto northwest: rounded
endd pointed sontheast. Iy pc Februasry 12, 1585, Number of cnses, 5, ]

N 600 ' — 20 to 20 N. 500

ey, 192, 1885, 10,0 . 47 =2 30,4

Mar. 24, m.,__i ‘) 3 17 84 50.5  NW. 600 | —10 40 N. 600

Nov, 5, 1”86._| ©9.7 45 82 30.5 A\ 900 20 A0 NW. 500

Nov. 19, 1887_. n) Q- 45 . BT 30.5 W, 1,400 0 40NW.| 600

Fel, 20, 1888 | ~9.3 46, 85 30.1 ¢ NW. ! 700 . —20 40 NW, 700
' | ! |
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TABLE VI, —DESCRIPTION OF TYPES OF MAP ACCORDING To [SsoBARS oN DAYS PRE-
CEDING CoLD Waves, Erce, —Continued.

[XXXVIII.—Lakes Superior and Huron low; open north; high to northwest; rounded end point-
ing southeast; like XXXVII with the addition of s low area in Utalh or Idaho. ‘Type Junuwry
13, 1888,  Number of cases, 5.]

| . ! .

| Low o o Hhigho vy e j Distance, .

Lati- : Lobgi- Posit % . 5-

Daten. ) press vade. | ude. | PO e fow.| WD L0 Temperatures. il,{f,’;e,
P oo 0 o In I | Miles, ¢ © C Miles.
Mar. 7, 1887-..| 29.9 47 : R2 ! 30.4 ) NW. 4 GO —10 10 50 NW. 900
Jan, 13,1888_.! 29.5 = 46 - 85 .30.8 NW. ° B0 —30 10 NW. 800
Mar. 13, 1889_ .| 29.8 47 79 30.4§ NW. | 600 -—10 40 N, 600
Mar. 27, 1889_ .1 29.6 47 82 n0.2 g W, SN0 10 H0 N. 900
Dec. 19,1889..0 29.8 . ._____ ... 80.2 0 NW. —10  JONW. 600

{XXXIX.—Lakes Superior and Ilnron low; open northenst: high to the west; rounding end
poiuting southwest; arew without isobars in southwest; semblance of low in the fur southwest
in Texas. Type January 13, 1853, Number of cases, 11.]

| '
Jan. 30, 188()--i 2.6 47 R o e —10 to 50 NW. 800
Feb. 12,1880 . 29.2 ' 47 . 84 [ oviiiccocs cmmeao —10 SONW. | 80U
Jan. 21,1882. 0 29.9 . 44 85 30.5: W. 800 —20 GO N. 1, 300
Jan. 13,1883._| 20.4 ¢ 47 86| 30.5 . W. 700 —-20 30 NW, 500
Oct. 19,1883__1 29.9 ., 47~ =61 30.5 7 W. ... . N0 GUNW. | .
Nov. 11, 1883..] 29.6 1 471 85 l 30.5 1 NW. 500 . 0 GONW.| 1,000
Oct. 20,1885_.1 29.6: 47" 2130.2 | W. 5067 20 60 W, 800
Sept.30,1886__| 29.6 ' 46 . 84 | 30.2 . W. . GO0 . 20 50 N. 700
~Oct. 20,1886..1 29.8 i.___...____. 30.3 ] SW. 500 30 GONW., 500
Oct. 24,1886._ 29.6 | 48 87130.4; W. . 700 30 GO NW. 400
Nov.10,1886.| 20.9 | 46 . 84 [ 30.4 | W. 600 10 40 NW. | 300
| . ! '

[ XT.—~Lakes Superior and Huron low; open northeast; long narrow ; peaked southwest: high
to the northwest. ‘Type Junuary 11, 1s50,  Number of cuses, 12,

Jan., 9,1880._.| 20.5 48 . 83 ,30.01 W, | 500 | ——10 to GO N'W, l 700
Jan, 11,1880 29.4 | 47| s7l3002 NW. | 500, —20 GONW.! 6o
Feb. 17,1880._| 29.7 46 i 90 1. ... ; 0 HONW.. 500
Nov.17,1881..1 29.6 | 48| 91 30.4) W. 5001 0 GONW. 600
Nov. 29,1881_.1 29.9 47 | 85 530.2 1 NW, 500 10 GONW, 400
Dec. 7,1883..1 29.6 470 901 30.6 W, 1, 000 |I 10 50 NW. GO0

. i 30.5 0 8. | o
Jan 22,1880 207 | arlomo S0 (S TR e
Nov. 12,1885..! 29.5 46 ®5130.5° W, - 1,300 . 10 GONW. (0O
Dec. 23,1885. .. 29.6 v . 83130.4° W. 700 ; 0 GON, 900
Jan, 25,1887..129.5 ' 46 847 30.1 NW. | 600! —20 40NW. 700
Mar. 10, 1888..1 29.9 |._..__. -.__..| 50.5; NW. i 400 ' =20 S50 NW. 800
Dee. 29, 1889..° 29.3 45 857 30,51 NW, 800 © —20 60NW.i 00

[XLI.—T.akes Superior and Huron low; nATTOW ; peaked southwest; open northeast; axis of low
more nearly cast than in X, Type Februavy 21,1530, Number of cuases, 3.]

88 30.4 7 W, 4001 —10to30N. | 200

N
-2

Feb, 8, 1880..; 29.9 | | .

Tap. 25,1889.01 9078 | 48 A7 30.8 1 NW. . H0 . —10 30N, 400

Feb. 21, 1889 30.0 | 47| 93 1 30.8 1 NW. 400 ll —30 20N, 500
| ! ' A |

e e g S e e = L--



RUPORT OF THI CHIER SIGNAL OI'FICER. 107
TABLE VI —DESCRIPIION 01 TYPES 0F MAP ACCORDING T0o [SOBARS O DAavs Pru-
CEDING CoLn WavEs, kre,—Continued.
{XLiI,—Lakes Superior and Huron low: very open ; low very extensive high to the south, alsoat
tites to the weat and northwest. Type January 13, 1834, Number of cases, 16,

Low l . . Iigh | pagits Dismncc.:i i

Date. | press- lrl::‘te' I‘,f:,':l"g. pross- flo‘:?llgl(())\lv). llll(p",‘:‘lv'lo | Temperatures. !tgz\i:&

— — ( P [ P — : [ [ —

In. i © ° In. Miles. : ° ° Miles.

Jan. 1,1880__| 20.6 |oo_|-ca_. 30.4 | SE. 1) R

Nov. 15,1880__| 29.6 | 47 |- 87| 30.G6 | W. 1,000 'L L.

Dec. 6,1881._0 29.6 |._____ sl ow 500 L.

Jan. 15,1882__| 29.7 ... .. 300 W, ... © —10to 40 N. 800

Dec. 1,1882..0 29.8 |.__._. e 30.5 ] SW. | L600 oo

Teb, 11,1833 29.7 | 47| 89 |-ccoo|-mooooo SR 2107 eoN. | 1,300

Mar. 14, 1883, 29.6 47 85 | 30.3 W. RSO PP
4 H

Jan. 13, 1884__| 20.4 | 47| 91130.3 g N vt U RO

Jun. 31,1884 29.2 | |ecereooan L1 —20 30N. 800

Oct. 28,1894 29,8 | 50| 70 | 30.3| SW. | 1,000, 40 GONW. | 400

Dec. 10, 1881._: 29.9 , 48| 86, 30.5| W. 5001 10 40NW. | 800

Jan, 20,1885 29.9 | 48| 87]30.4| W. 900 e s :

Dec. 18, 1885._| 29.7 49 90 | 0.5 | SW. 600 | —10 20 [

Feb. 8, 1886 296 |- o|ecoacad ool S FUU N DU,
30.4 7 SW. | 2007

Jan. 98,1887, 20.3 || {;8 AW D LENC 0 sONW. | H00

Dec. 20, 1888__; 29.7 ' ... 30.5 | S LT —
] H

[X1.J1I.—Wisconsin and_Illinois low; long axis of low east of north; inclosed isobars; rounded
ends symmetrienl; high to the northwest, Typo December 4, 1885, Number of cases, 7.1

| ,
Feb. 27,1881 .. 29.5 | 43 \ 87]30.4° NW. 600 | —20to50 NW. | 800
Feb.19,1884_ 1 20.5 41| 881304 | NW. . 1,000 —40 5O NW. | 1,200
Dec. 41885 20.4 | 43| 89 ]30.5 NW. 700 . 10 50N, 60O
Dec. 9.1885..0 20,4 43! 87[30.2, NW. 600 | 0 5ONW.; 800
Teb, 18,1887 1 @011 43| 87130.4. NW. = 1,500 0 GONW. ! 1,200
Dec 20,1857 20,7 1 37, 89 | 30.8 | NW. | 700 | —20 40 NW.| 500
Dec. 26,1888 .| 29.5 | 45| 91 |80.4; NW. & 700! 10 50 NW.| 500
. I . ! i

INI.)V.—Wisconsin low : long axisuorthwestto woutheast ; isobars inclosed ; rounded ends; high
to the west, Type February 26, 1857, Number of cases, 3.

Jan, 13,1882 _.| 29.8 46 87 130.3 1 NW. j . 400 —10to 50 NW. ' 900

Mar. 5,1882 .. 20.5 1 45 92130.6 . NW. 1 900 10 GONW, | 800

Febh. 26,1887 .. 20. 4 POwWL 900 ; —10 50 NW. l 800
i i !

‘ 43 88 ! 30.5
| 3

l

XL V.= Michigan low; long axis northeast to wouthwest; isoburs iuclosed ; rounded ends; high to
B
the northwest. Type Februury 19, 1886, Number of cases, .)

Veb, 9% 1880_.| 20.8 | 42 | &8 3041 NW. . 400 | —30to50 NW.| 700
Jan.13.1881.129.5 | 441 86 30.2  NW. | 500, —i0 40NW.[ 700
* Dec. 27, 1883._ 29.6 | 44 . 84 ‘ 30.3 1 NW. | 5001 =30 40NW. - 600
Oct. 3 1885..]29.5| 45. 821303, W. | 600 30 GONW. 800
Veb, 19,1886.. 29.6 | 44, 83| 30.5 | NW. 500 | —20 40 NW. . 800

Oct. 1,1888__1 29.4 451 82 350,2 i W. | 800, 40 GON, 400
i I i i i .
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TARLE \'I.~—])|~:s<:lm-‘rva(ur TYPeEs OF MAP ACCoRDING To IsorAns oN DAYS Pry-
CEDING CoLb WAVEs, Erc.—Continued.

[XLVI.—Michignn low ; northeast to southwest; open southwest: high to the northwest, Type
FFebruary 16, 1859. Number of cases, 7.]

I !
Low Lati- | L.ON 'i-l High l sition Distance, "o iy

Date. p:;tzs' tude. i Itudlt:. | pr:ss- I!ffoom low. lnl{.(:)l‘lv.lo Temperatures. t,ull).:?e.

In. o I o In. Miles. .! ° ° Miles.
Oct. 17,1881__1 30.0 43 | 90 | 30.3 oo oeeaoo.i 30to TONW. 800
Nov. 11, 1882__| 29. 8 45 90| 30.4 ] NW. 400 | 10 7T0NW, 600
Mar. G,1883._1 29.7 43 . 871 30.4 Nw. | 700 | 0  GuoNW. | 1,000
Nov. 9,18R3_.120.6 43 811300 v, ! 500 | 2 60 NW. R00
Oct. 21,1884__| 30.0 45 K7 | 30.4 W. 900 50 GONW. 400
Nov. 4, 1584__] 29.9 | 43 83 130.5H NW. 7001 20 B50NW.| 1,000
Feb. 16, 1859 - 2078 400 90 30.5 [ NW. | 600 : —20  GONW.! 1,100

i ' | ! :

[XT.VII.—Double low Michigan; open southwest; Jow on Pacificconst; lngh to the northwest in
between lows., Type Muarch 2, 1838, Number of cases, 3,

Jan. 5,1887{| 300 | }as | s4[30.7| NW. | 800 | —30t020 _-\'w.l 800
oy | L ew |
Jan. 6188841 2284 Vi melg0.7 i Nw. | o900 [ —30  goxw.! 1200
29,7 | i ‘ "
'S | !
Mar. 218881 28 }-1::! &7 1309 NW. | 900 '—20 g¢oNW l 900 -
Lo i ; :
| '

o

[XLVIIL—Michigan low ; northeast {o southwest; inclosed; high to the west ; axis northwest to
southeast. Type January 23, [887, Number of cnses, 1.)

| T ! |
Jan, 23, 1887__ 42! 87304 SW. i 900 | —20to 50 NW. | 700
i 1 ) i

29.7

[XLIX.—Michigan low: egg-shaped: narrow end extended eay
February, 11,1857, Numiber of ease

: high to the northwest, Type

] | V | B !
Jan. 20, 1880 | 20.6: 41, 83 _____. ! ......... [ 10 to 50 .
Feb, 11, 1887_. i 29. 4 ‘ 43 ’ 831305 NW. 000! —30 GO NW. I 1,000
. . , | : !

|I.,—Michigan and Wisconsin low; flaring northeanst; high to the west, Typo October 14, 1886.
Number of casces, 3. § ) )

e e i ’ 1 _
Nov. 23,1882l 20.7 | 451 &7 | 303, W, ’ 500 | 1010 40NW. | 500
Oct. 14, 1886..; 29,1 41 92 | 30.0 l KW, 500 | 40 TONW, GO0
Dec. 5, 18"8_.| 29.6 ] 43 | 84 I 30.3 | W. ' 600 20 40 NW, } 500

; I

LI.—Michigan low; open to the northwest; rounded e¢nd southeast: high to the Typo
: £ December 14, 1880, Numiber of cases, 2.] g west. Typ

e e e
Dec. 14,1880, 20.4 | 45 86 |29.91 sw. [P . 20to 40 ! ......
Mar. 95, 188G..| 29.7 | 47 ! 83504 W, T ] P20 GONW. | 800
Feb. 2, 1889, igsm 45|- 79 30.7|i w. | 1,4ool 10 30N, 600
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TanLe VL—Dregerirrion or Tyres or MAP ACCORDING 10 [SOBALS ON DAYS PRE-
CEDING CorLD Wavis, grc.—Continuei,

[LIL-=Micliigan low; in the north of State; low deep; round pointed southwest; high to the
northwest; pointed southwest., ‘Uype Februnry 25, 188,  Number of eases, 9. )

' | B '
' Low : o High s ' Distance, H :
Date. - fpres ) e r;;fs-i.fo‘:z“ﬁ‘,‘:v‘.| "jg"; | tempemtures. {10
I B b Pl . D
| I © ° I | } Miles, ° ° " Miles,
Muar, 27,1882_.1 29,3 | 45| 52 130,21 Nw. 600 | 1010 60 NW. | 900
Nov, 23, 1881..1 29.3 | 47 | 83 :30.4° NW, ; GOO | ~=20 50 N. 500
Dee. 92, 1834, _| 29. 4 15 H2 |' 30.5 | NW. & 700 | —40 50 NW. | 1,200
Dee. 31, 1884 ! .30 47, 810807 1 NW. | 600 | —10 50 NW. | 1,000
Teb, 25, 1886 29. 1 47| B3040 NW. o 700 | 20 40 NW. 700
Jan. 17, 1887._| 29.4 45| 82, 80.61 W. | B00|—30 10NW. 900
Mar. 13,1867 29.8 | 45| 81 .30.9 ] NW. | 600 | —10 4ONW. | 700
Dec. 98,1887__{ 29.4 | 46 | B2130.8| NW. ;900 | —30 G0 NW. | 1,300
Jan. 31,1889__[ 2.6 | 46| 84 :30.5| NW, | 1,000 | —20 30 NW. | 600

[LIIL —Michigan low; Vslm.p(.d o[)t n noerth; high to the west or northwest, "'ype January
28, 1832, Number of easos, b.]

| | |

| :
Dec, 11,1880 |-l ..... ! ...... 30,1 o ......__. .. 40to GONW." ' 300
Jan. 8, 1882__1 20.7 43 873051 W, ! 1,200 20 60 NW.! 800
Jan. 98, 1882._| 29.9 ‘ 45| B2 10,5 W, o 500 | —20  GONW.. 1,100
Oct. 8, 1884.. 29.8 42 80 1350.31 W, | 500 30 TONW. ' 400
Nov. 18, 1885..| 29.7 ! 43 I 87303 W. | 600 30 GONW.' 700
|

|LIV.—Double low; Michignn and Atlantic const; high to the northwest, Type March 10, 1883,
Number ol cases, 8.1 :

) : |
i 29,8 a7 821 30.6 [ SW. 500 | —40 to 30 NW. * 900

Dec. 27, 16850_ - .

Mar. 21, 1882, ." 20,5 13 81 30.4 NW. 1, 000 0 S50ONW. ' 1,000
{1 20,4 33 2 ; ; :

Jan. 10, 18"13L: 5.5 13 g7 1105 i”””": ........ s e

2004 | a1 ®2Pan o oew o S

Mar. 10, 188&{ soal sl o Eoo. 57 ONW. . 900| 206040NW. | 500
| 29.3 : |

Mar. 2, 1884{ ol Il §30.1 ................. —30 BN | 500

Jan. 24, 85 { 507 45| 2 230. 2l wNw, 600 | —20  40NW. | 700

Mar. 18, l‘h-)..I 20,9 43 840 30,4 0 NW. i 1,000 | —20 30 NE. . 200

Nov. 15, 1885_ SIS R i ______ 130.5 W, - uoo 0 50NW. 1,000
|

LV.-~Michiganlow; peenline woodserain shape; pressurogradicat lienvy to the west; Hght gradi-
ent to the east; low, peaked southeast; high to the northwest or west, Type January 9, 18539,
Number of cases, 9,]

] ! i

Febh. 132, 1881. .1 99. 4 44 85 [ 30.4 | NW. P 600! 0to 40 NW, | . 800
TFeb, 9%, 1881__| 29.4 45 82| 30.22 | NW, S00 0 =20 JONW, 900
Feb, 21, 1832..; 29.3 43 S5, 500300 SWLo HOO - -=20 60 NW.  + 700
Jan, 4, 1886._| 29.5 a1 91050 Nw. 7000 0 50 NW. 1,000
Mar. 8,1886. .| 29.6 15 BT B05 1 NWL s00 b —10 30 NW. ' 600
Mar. 31, 1886_ 1 29.5 42 SPB30.0 0 NW. L0 . 100 GONW. 1,000
Feb, 25, 1888_) 29.0 . 14, =5 7304 W, | 1,500 —10 60 NW. ! 1,400
Nov. 10, 1848_.| 29. 6 Al s2ise2 T SWoo b ool 30 TONWL 1000
Jan, 9, 1889__; 29.0 12 x7TOoB0.0 0 MW, 500 0 40NW.: 900
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TasrLg VL. —DESCRIPTION oF Tyrrs oF MAP ACCORDING 10 IsoB. ARS ON DAYS I’RE-

{LVIi.—Michigau low; gradients diminishing southward. TFype Novembor 27, 1884,

CEDING CoLD WAVES, Erc.—Continued.

cases, 2.]

High | Position

Number of

| Low Distance !
! Lati- | Longi- : Yo, -
Date, | pll“(‘:;%- : tu':l(]* II LS:}:l | ll)lll“ S5- 'fxo\v low. IIIIL(:)I‘I".lo ¢ Temperntares. i“‘]')‘?c
——— : | N N i i
. ! R r In. Miles, ! l Miles.
Jan. 22, 1880 ' ‘29.3 | I _.....-_-—-——- ———--\_.: 10 to 10\'\\ i 800
Nov. 27, 1889, ‘ 2008 4 ! , 30, 5- 600 | 10 50 NW. {1,100
b I I
[1.VII.~[llinois low; trinngular shaped. Type Murch 20, 1886, Number of cases, 2.]
Mar., 9, 1882_.{ 29. 38 89 ; 30.3 1 NW. 700 I 10 to 60 NW, : 800
Mar, 20, 1886.. 29. 40 90 30,2 ¢ W. 900 10 60 NW. @ 700
; ; : i

[I.V111.—Ohio, Kentucky, nud ‘Tennessec low :
west; large high to the northwest,

Feb. 13, 1880..
Feb, 1, 1881-.,.
Feb. 11, 1881.
Mar. 19, 1883..
Jan. 1, 1884_.
Jan. 16, 1885 .
Feb, 5,1885.._
Nov. 12 1886_.

[LIX.—Ohio, KanLucky, and Tennesseo low

Muar. 16, 1880_.
-Nov. 6,1840._.
Mar. 3,1681..
Mar. 29, 1881 _.
Feh. 9,1885__
Feb. 15, 1886. .
Dec. 24, 1886..
Jan. 27,1889

[1LX.~West Virginia low; high northwest.

Mar. 9,1884__:
Oct. 2‘) 1887__
Mar. 21, 1888__

Febh, 5,1889__:

36
36

38
36
36
38

37

northwest.

29.
29.
29.

29

29,
29.
29.
29,

a9,

= PXTX D

30,
30,

0
0

€ -
~

i
i
|
|
i

29.4 |
Feb. 18, 1889__| 29.4 | 10

39 .
39 |

38"
43 .

43
43

long narrow;
’l‘ypc January i. 1884,

300 !

flni; extending northeast to south-
Number of cases, 8.]

]

! . i

881305 NW. | 500 —10to 50 NW, | 800
| 84]30.61 NW. * 700 —10 60NW.: 000

87 | 30.4 NW. 400 ;20 GONW. | 700

8403021 NW. + Goo' 0o eoN. | 800
| 87309 XNW. i 1,000 --20 50NW. | 1,100
| 88 130.5' NW. 500 ' 30 GONW. | 1,300

88]30.2° NW. | 800 --20 S50NW. 1,100

87| 30.4  NW. 1001 20 GONW. | 700

extensive area; numerous inclosed {sobars; high
Type February 9, 1833, Number of cases, 8.)

82 130.2] W. . 400 0 to 60 NW. | 1,000
Dos2lno.e| sw, 5001 20 GO NW. i "800
P83 30,3 SW. . 700, 10 AS0NW.! 600
| 84303 | NW. © 00| 20 soNw.| 800
| 81307 NW. | 1,100 | —40 60 NW. | 1,000

82130.4 7 W. 500 —20 50NW,| 1,300
| 831304  NW. | 600 | —30 40NW.| 800

85| 30.6 NW. . 1, 0 40NW. 500

‘Pype Febraary 5, 1350, Number of cases, 5,]
! |
79803 W, 400 | 10 to GO NW. , G600
i | 0.5 NW. | 500 2 50NW. 700
79, 30.7 . NW. © 1,300 i —20 60 NW, | 1,100
781306 NW. | 000 —40 40NW. | 800
78 30.3 0 W, 900 | —30 60 NW. | 1,400
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TABLL VI.—DESCRIPTION OF TYPES oF MAP ACCORDING TO ISOBARS ON Daxs Pre-
CEDING CoLb Waves, erc,—Continued.

[LX1L—Outario 1ow; V-shaped; very wide; open north; isobars far aparl; high to thesouthwaest,
Type November ll 1882, Number of cases, 12.

. R R
H L i
! low Lati- ]ougi-

1ligh . . Distance, ' .

Date, . p:.l(:‘?. ' tude. i i'tude, | prow- |nl°":;“]i0°‘": | ln];:;l‘xvto | Tempeoratures, u{)‘:z;
———— e e .._._._:_. - .A.i__._.. _i____..l I .__i., [ _: S .. . e
In, = ° 1o iy, v Miles. ° ° D Mites.

IFeb, 13,1880 29,7 L4600 79 . 30.4 W, 700 . —20 to 50 NW, 900
Nov. 18,/ 1880._. 30.1 _.__.. l ...... | 30.7 SW., 1, 300 : —10 S5O0 NW, : 600
Dec. 8,1830..' 29.8 i 47 80 1 30.6 SwW. 500 ' ~-10 40 NW, 700
Nov.27,18-1._ 29.8 : 47 i 80 | 30.5 . SW, 1, 200 . 20 40 [,
Dece. 1,1831.. 20.7 ! 47 76 | 30.3 8w, 000 20 60NW.! 800
Dec. 29, 1881 tagw . 47 | 77| 30.5 SW, 800 20 60 NW., | 1,000
Nov. 13,1882 . 29.8: 44 ¢ 71 30.4 SW. 1, 300 0 60 N'W. 800
I"eb. 25,1883__' 29. 5 47 70 | 30.5 SW. 1,000 —10 4O NW, 900
Nov. 6,1833._ 929.6 ! 47' 78 !30.3 SW. 700 0 20 GONW.. 700
Jan, 30, 1887__' 29.6 ° 45 , 2] | 30.2 W. 600 : —30 40NW,: 800
Oct, 19, 1888-_| 29.6 | 47 ! 80 '30.3 . w. 700 ¢ 30 60 NW. | 900
Nov. G, 1888..: 29.6 48 1 78 | 30.2  SW, ; 800 i 20 G6CNW.: 800

[LXI1.—Ontario Jow; rounded end south; high to the northwest. Type Janunrvy 12, 1585, Num-
ber of cases, 11,]

Nov.16,1880.. 29,9 45 . 203050 WL 500 | 10te30v L. _ .
Dee. 13,1882 029,56 1 47! 8203002 ... .. .. __i—320 30 e
Feb, 9,1884..; 30.0 47 . 78,30.5° W. | 600 i —20 S50NW.' 700
IFeb, 13, 13@4_-| 0.6 . 471 T7,30.2  SW. 900 : —20 S50 NW, | 1,000
Jan. 9,1885..129.3 7 431 77130.4 ] W. 1,200, —10 50 NW.' 1,000
Jaw, 12,1885__:29.0 | 47 7713041 W, 800 | —30 S0NW.; 900
Mar. 1,1885_.20.6 | 45| 791 30.5 W, 1,300 1 10 JONW.! 700
Mar. 15,1885..: 29.3 1 47 79 £30.3 ° SW. 1,300 0 40NW, 500
Mar. 27,1885_.| 20.8 1 47! 76 30.2 . __ e 10 50N, 700
Nov. 4,1887..129.6 ' 45 . 79 30.3 w. 700 i 10 50NW.. 700
Dec. 26,1889__: 29.2 47 79 °30.5  SW. 700 ' —10 60 NW.: 900

[LXIIL—Ontario low; rounded end sonthenst; high to the northwest. Type Jauuary 3, J8se,

Number of cases, 14, .
i N . i - ]
Feh. 7,1880.__] 30.1 ! 44 ‘ "7 30,5 | SW. l 400 | —10 to 30 NW. | 700
Dec. 7,1881..| 290.2 ] 47 l 30.3 ) SW. ’ 700 | 20 40 NW. | 500
Jap. 7,1883..]1 29.7 | 45 | 7(- '30.3 w. 700 | —20 30 NW, . 600
Dec. 15,1884 .1 29.3 I 45 | 76 50,4 W, o0 1,100 0 —20 S0 NW. ! T00
Jan, 21,1885 .1 29.7 47 I 80 1 30.7 ' W, 700 —30 30 NW, ; 1. 100
Nov. 13,1835._] 29.4 46 79 30.1 A\'S 1,500 | 10 GO NW. i 1,200
Dec. 19,1835_.| 29.5 ! 45 7305 W, 1,100 - 0 3O NW, | G0N

[

Jan., 5,1886_.| 29.4 ¢ 47, 79 30. NW., ' 600 | —10  40W. 1,000

Jan. 17, 1886. .| 20.6 1 47" 75 .380.5, W. [ 8900 | —30 30 NW. 1,100
Feb. 24, 1887_., 20.4 i 45, 76 . 30.5 | NW. i 900 ; —30 30NW.' 700
Mar. 25, 1887__| 29.2 47, 71 | 30,31 W, 0 1,100 —10 40 N. ¢ 800
Nov. 10,1837 290.7 « 46 79 30.2 | sSW, GO0 © 40 GONW.. 500
Feb, 8,1888..129.6° 46 76 [30.7| SW. | 1,200' —20 40NW.: 900
Feb. 26,1888..| 29.5 i 47| 76 130.5 | NW, ;| 900 ' <20 50NW.'1, 400
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TABLE VL. —DESCRIPTION: 0F TYPES 01 MAP ACCORDING TO IS0BARS ON DAYS PRE-
cuning CoLb Waves, Erc.—Continued,

1

[LXIV.—Ontariolow; extendingto Arkansng; are-shaped; narrow; lowalso in Utal; great high
to northwest. Type February 3, 1887, Number "o enses, 1.]

—————
| Low Iigh e Distance, ’ l .
" Lati- §{ Longi-| Position | K - Dis-
Date I:r:_:" I tnde. l tude, | )r( “' from low. h;t‘\:{“’ Temperatures | (“Flbt
i

| . . — e THRRIIIE T RRp e R

In, °© " Tn. Miles, : e © EJI[/('.«.
Feb., 3, 1887._| 30.1 46 76 | 31,1 NW. 400 ; [ ~—10 to GU N, l 1, 400

[LXV.—Ontario low; open southoust; high to the northwest. Type Junuary 21,1856, Number
of enses, 3.1

| ) | B .
47 760 30.5 0 NW. s)()oi —20 1o SUNW. 1,400

TFeh. 26,1884 . 29.5 |
Feb. 1,1885..1 29.7 ! 14 . 77 30.6 1 NW. I THO L —30  BONW. . 700
Jan, 21,1886.. 2.8 © 45 80 30.1 1 NW. | 600 | —30  30NW. 1,000

[LXVI].—Ontario low; Vesibaped: extensive; nany isobars runuing northwest to southenst.
Type January 26, 1585, Numbcer of cases, 4.

Jan. 26, 1885 l e 3004 SWL 1, l()() —30 to10NW. 1,400
Feb, 4, 1885 " 44 820 30.0 . W, 1, =00 (T 1, 060
Dec. 10, 18%5. . 50.4 0 W.o l 100, 10 60NW, . 700
Nov. 20, 1887.." : 30,2 SW. 1,000 ¢ 0 dONW. 1,200

[LXVII.—Double low; - Ontario and Atlantic coust; hivh to llu southwestand northwest. Typo
February 10, 1855, Number of cases, 7. Like 1, 1v. |

| - . : .
Jan. 2,1884..129.4:+ 45 K1 30.5 SW. 1,200 —10to 0NV, 1,300

Feh. 20,1884_.i 29.3 | 47, 77 . 30.4 | sw. ! 66O 10 50NV, 460
Nov. 5,1884_. 29,4 ‘ 57 8203050 W, | L2000 —10 AONW.  1uod
Feb. 10,1885 20.1 1 46 | 74 30.61 SW. = 1,200 —30  60NW. 1,00
Feb. 16, 1885._| 2.6 ‘------E _______ I 3u. 1 POSWL oL P —30  SUNW. 1,300
Dec. 1,1886..| 29.4 | 45| 66| 380.7, W. 1,400 ' —20 50N, | 1,000
Feb, 07 1887__. 99.1 1 45 ‘ 72 1 30.7 |

|

SW. 1,400 —20 40NW. | 1, 300

| i
e e e g S U LY |

[LXVIE=Double low; Onlario and Montana. ‘Cype Junuwary 12, 1857, Nuniber of cases, 3,1

I
Jan. 12, 1887 2‘) 4 4

TR

3 NW. 100 0 —-30 to 20 NW, i 300
Jan, 20, mm--l 29.1 | 45 901 29.8 | NW. T00 1 —10 40 NW, 600
| ______

Dec. 14, 188 9__| 30,0 . e B3OS M0 —10 6o |
: . | ;

[LXiX.—Quebee Jow; high to thesouthiwest, Type December 7, 1842, Namber of cnses, 21.]

O to 10 NW, ! gnu

' |
Jan. 10, 1880, 29.7 ‘ 50 i 6713031 SW. | 00|
Jan. 31,1880 29.5 | __ ... B0 SW.o | 1,200 T 0 o NW. 1,000
Fcb. 29,18%0__ 20.4 | 47 218020 SW. | 800 0 —20 50 NW. ¢ 1,200
Nov. 7,188%0__ 29.2: 49 70 | B2 SWoo L0000 300 60w, - R0
Dec. 6, 18807 29,5 481 661 30.5H | SWo o | Ldoo, —30 6o Nw., 1,400
Nov, 24, 1851 __i 29, ¢ 450 700806 1 SW. 1 oot 0 50 NWL I g, A0
Mar, 24, 1882__‘ 29,6 437 70| B0.6 ‘ SW. 1o, 00 | 0 40 NW., 100
I

SW. . 700

xX

Poc. 7,1882__129.6' 47 L7 L -=200 40 NW.L 1, 200
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TABLE VI,—DESCRIPTION oF TYPES OF MAP ACCORDING TO ISOBAIRS ON DAYS PRE-
. CEDING CoLD WAVES, ETC.—Continued.

WLXIX,—Quebec low; high to the southwest. ‘I'ype December 7, 1582,

Continued.]

Number of cases, 24—

: Position

| Bow 1y i !Lon vi-i Iigh
Date. ,plll:j;"‘ | tude. | Ludt. | l)l:‘:,:?
—_— - | . LR

o i o I !

IPeb, A5 1 7| 0.7 |
Fel. 471 T2 30.3 |
Yeb, 171 72 30,8 |
Nov 171 69| 30.6 |
Nov . 481 G8| 30.6 !
Dee. 218831205 47| 72 50,6
Tah, 14,1844 29.4 ; 48 ‘ 73 ] 30.4 |
Tan. 25,1885 29.6 - ! o] BB
oct. 41885 ea. s ar !t w37 0.1 |
Dec. 14,1885_.1 29,5 16 || 720 30,3 |
Nov.21,18%6.; 20.2 50 70 | 30.4 |
Dee. 5, 1857__] 30.0 | | B0
Jan. 15, 18881 30.0 46| 75 | 30,9 |
Mar. 98,1889, 20.6 1 471 72 'no.3 !
Dee. 30, 18891 20. ¢ 4131 691 30,6 "

; ; |

g !l’rom low,|

|
|
|
|

Distance,|
high to |  Temperatures.
to low. I
S
Miles, | ° °
1,020 | —20 60 NW.
000 | —320 40 NW,
1100 { —20 60 NW,
1, 000 10 50 NW.
1,000 ; —10 60 NW.i
1,000 —10 50N, |
1,500 ! 0 GONW,I
1,600 | —30 50 NW. |
1,200 30 GONW.,
900 | —20  HONW.|
1,800 | 0 G60ONW,|
600 30 GONW. i
f—10 40 NW,
900 130 60 NW.
1,000 ¢ 20 KONW, |
1, 200 : —20

Dis-
tance,

Miles,
1, 000
1, 000
1, 000
1, 000
1, 400
1, 000 .
500
1, 600
600 ..
1, 300

i 1,100

400-
1, 000

700

700

40 NW.: 1, 000

[LXX.—Quebee low; high to the northwest; vounded end pointing southeast,
1881, Number of cunes,

Oct. 22,1884, 29.6 1 47 . f
Fob. 1, 1886 29.8 .

)

20 {0 50 NW.

—30 20

1, 000

Type October 22,

[LXXL—Quebee and Novi Scotin Jow ; open east; vonuded projection extending west to Missig-

sippi River.

7|
7
0

Mar. 25, 1881_ 20,4 '_____. C. SN2
Dee. 21,1887, 29.6 1 43~ 70 0.
Feb, 3,1889..' 20.4 | a0 66 | 3e.
Nov, 14,1889__! 29.4 | 44 . 65 | 30.

[LXXI1,—Now Iungland low; narrow ;
the southwest, Type

Jan, 14, 1881

Mar, 20, [883. ' 29.6 | 34 . 76, 30.0
Feb, 11,1884 205 44 70 30,1
Jan, 26 1887 D98 o ... ©30.5
Nov, 23, 1887... 30.0 45 717 30.6 ¢

11945 SIG— 8

0T SR04

Type Mareh 25, 1881,

Sw.,

W,
W,

SW,
S\,
SW.

Junuary 14, 1851,

Number of eases, .|

........ 20 to 50 N.
1,500 ° —30 50 NW,
2,200 —20 30 N,

700 0 40, 50

extending down the coast: pointed southwest;

Number of ceanes, 5,

TO0 . —20 to 50 NW.

500 0 GO NW,
600 ! 0 50 N,
1,200 ; —20 50 NW.
700 P —20 50 NW.,

500
1,700
400
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TABLE VI —DESCEIPTION O T'YPEs ol MAP ACCORDING To ISOBARS ON DAYS PRE-
CEDING CoLD WAvEy, krc.—Continued.

[LXX11L—Ncw Engluwd Jow; narrow; extending down the coast; pointed southwest; high to
the northwest. Type FPebruary 21, 1881, Number of cases, 3.]

Distance,| ‘ Disg-

C Low | L U High ' s
: . : lati- | Lougi-- Position i . N N |
Date. . pl’;‘::?’ ' ll‘l‘tli'.. tudx::. ' p\l:(:,?;' -fr;’l; 10\\'4: h;;(.;l‘lv!.u | Temperatures. | tunce.
1

B TR In. Y Mites, ° o .lMilrs.
Jan, 12,1880. . 30.1 ;. __.-..._. 30,6 W. ... i —30 to 30 NW. i 800
Feb, 23,1881_.1 29.6 ... ... .. .. . 0.5 W. | 1,100 | 0 40N. 1 600
Dec. 15,1886. . 20,7 i""";"" L. 3004 I W. RO . —10 40 NW, I 900

H H | X

[LXXIV.—-New Englsnd low: cup-shiped: extensive; open north; high to the southwest or
northwest.  Type Junary 17, 1835, Number of cases, 7.3

Feb. 3, 1882__ 9.6 48 G9 30,21 SW. 500 0 to 30 NW, 300
Jan. 21, 1883__ 29.3 47 7308304 SW. 900 © —20 S50 NW.! 900
Mar, 2, 1883_. 29.8 47 63 - 30.7 Ww. 1, 500, 0 OS50N. | 900
Mar. 15, 1883.. 29,2 44 69 . 30.6 ; W, 1, 300 : 0 BH0N. | 1, 00U
Jan. 17, 1R85 29,5 . 44 T2 080,910 NWL. ... —30 60NW..i 1,500
Oct. 15, 1886_. 29.5H 47 7180050 W, , 1,700, 20  GONW.' 1,100
Dec. 2, 1886_. 20.5 46 6Y 1 30.8° W. . 1,100, —30 60 N. | 1,200

[LXXV.—New England low; cup-shaped; open southenst: high to the northwest. Type Feb-
ruary 26, 1886, Number of eases, 4.]

Jan.21, 1880_.[ 29.6 | 40! 97 .. ... ... i 0 to 50 | ..
Mar.24, 1880__| 29.5 | 45| 68 30.5] W. 700! 0 4oN. | 600
Feb. 26, 1886._[ 29.1{ 44 | 71 30.4, NW. 900 . 0 30NW.| 500
Mar.12, 1888__| 29.5 ’ 3] 71530.6, W 700 0 30N. 600

[LXXVI.—New England low: cup-shaped or trinngular; open southeast; hign to tho southwest
Type October 31, 1880. Number ol caxes, 7.]

| ; ! ; i | :
Feb. 14,1880._. 29.5 | 44| 68 l30.1| sW. . €00 | —10 to 6ONW. | 1,400
Oct. 31,1880..129.3 1 43  71130.3: W. | 1,90 30 6ONW. | 17000
Feb. 19,1881, 29.8 |.____..__ _130.3 | W 600 0 GONW. ‘ 700
Nov. 9,1885._120.7° 45| 68 30.1] W. 600 | 40 GONW. | 300
Nov.19.1885..1 29.6 © 44 | 70 |S02 W, 900 2 SONW. | 800
Feb, 20,1886..) 29.8 | 501 70 380.4] SW. |......_.. —10 B0E. . 500
Jan. 18,1888.. 29.7 | 44 70|80 W 1,900 | —10 60 NW. | 900

[LXXVI].—New England low; oblong; northeast to southwest; isoburs inclosed; high to the
northwest, Type January 6, 1886. Number of cases, 3.]

i T : '. -
Oct. 14,1883..; 29.8 ' 47 | 6o ‘ 303 W. | 600 | 40to60 |-
Oct. 20,1883__ 30.1 ... ... 30,6 W, 400 | —30 GO 1,000

{45 68 | 30.5! w. 900 | —20  30W. 1, 000
i | ! !

Jan. 6, 1886-_i 29. 5
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N TABI E VL —DESCRIPTION OF TYPER OF MAP ACCORDING TO Ison,uzs ON DAYS PRE-
CEDING CoLD WAVES, 1rc.—Continued.

[LXXVIII.---New Ingland and Gulif St. Lawrence low; {sobarsnorthwest to southeast; high to tho
northwest and southwest and very oxtensive, with broad front; isobars of high rounded and
poiuting southeust. ’13 pe January 23, 1886. Number of cases, 18.

| | .
i Low | ati- | Longi.| High [ > Distance, .
Patepprese | Ll | i | vreve- rrlo‘Z;’.‘}é‘lv"l h,g{;,w Temperatures. | Dis.

I I, l ° ° In. i Miles, ° ° Miles.
Tan. 98,1880 20.7 |\ |=07, 1,300 | —20 to 40 NW. | 800
Feb. 19, 1880 29.5 | ____. o 30,8 - w ' 1,300, —30 60 NW. | 1,300
Dec. 2, 18800 29.5 | ____. oos 30. 4 . 1,500 1 —10 60 NW. | 1,200
Jan. 29, 1882 1 20,4 | 47 71| 30,6 1,000 | —20 60 NW. | 1,600
Dec. 6,1882..[ 29.8 47! 71 [30.8 1,600 | —10 GON. | 1,300
Dec. 14,1882 29.5 | 45 9| 30.4 . 1,000 | —20 GONW. | 1,200
Dec. 14, 18831 20.2 1 491 69 | 30.8 1,600 0 70NW. | 1,300
Dec. 22, 1883__ 99.4 | _____ . 30.7 1,200 | —10 20 NW. |...__.
Jan. 1, 1885. L o 30.8 1,400 | —10 60 NW. | 1,300
Mar. 16, 1885__' 29.5 1 47| 67 | 30.7 1,200 | —30 30 N. 700
Mar, 19, 1885_0 29.3 | 45! 63 30.5 1,600 | —10 50 NE. | 1,000
Jan, 23, 18861 29.5 1. ._________130.5 800 | —30 40 NW. ! 1,000
Nov. 6,1886_.,30.0 , 40| 79305 90| 20 60NW. | 700
Dec. 25, 1886_.; 29.3 | 50 | G4 | 303 el 0 BOW. 500
Feb, 3, 1888_.| 29.6 | .. [ ______ 30,6 o 10 30 |l
Feb, 09,1888 (295" ____1 1304 cememed =30 30 1 ___.
Mar. 31, 1888._| 29.7 ' ... [ 30.9 | ..l —30 60N. |1,600
Feb. 23, 1889_ 1 29.7 |.____ ‘ 31.1 71,700 | —50 40 NW. | 1,400 .

. | ,

———

LXXIX.—~New England and Gulf St. Lawronco tow; fsobars northwest to southeast ; high to the
northwest and southwest; very exteusivo; with broad front; isobars of high rounded and point-
ing southwest; similar to . XXV, Typc February 4, 1887, Nuiuber of cases, 15.]

Oct. 4,1881..) 29.6 |.__ | 30.(;I w.ooo o 30to 70 N, 460
Fob. 17, 1882.| 20.7 | 46 | 66| 30.9 | W, 1,200 | —20 50 NW. | 800
Dec. 15, 18821 29.2 | 50 : 62 ]30.8 1 W. 1,400 | 30 6ON. | 1,400
Mar. 7,1883..0 29.5 .| ____ 30.6 | SW. 1,000 | —20 GO NW. | 1,200
29.5 1 47| 67 < f W, 1,100 .

Jan. 14, 1884{5 oo 945 30.5 { N 1,2()0; —30 50N. | 1,300
Nov.17, 18841 29.8 | 45| 72'| 30.5 800 10 50N. |1,000
Mar. 10, 1885..| 29.4 | 45 . 67| 80.6 | _.____| .. ... —10 40NW. | 800
Dec.24, 1885._1 29.6 [_..__ |...__. 30.5 | SW. 1.600 | 10 50 NW. | 1,000
Dec. 4, 1886.. I O O 30.9 | SW. | 1,400 | —30 GON. | 1,200
Feb, 4, 18r7.. 20,6 | ____ | ___C. 3.0 W, 1,400 | —40 30 ... _.
Mar. 3, 1887 30.0 i 36 95 [30.7, N. 700 0 50N. 800
Mar. 14, 1887._| 293 i ____ | " 30.6 1w, 1, 060 0 50 NW. | 1,200
Oct. 11,1887._0 99.6 .. _.|._.. " 30,60 W, 1,400} 30 70 NW. | 1,000
Feb. 15, 1888_-‘ 20.9 .. 3100 W, 900 | —20 J4ONW. | 700
Nov. 20, 1888__| 9.6 | 471 613071 W. 900 0 50N. | 900,
—_— [ i

'-Sce Type X,

TLXXX.—New England and Gulf St. Lawrence low ; isobars northwest to southeast; high to the
' northwest and small. Type Mareh' 17,1888, Number of cases, 4.]

! ; i i :
Mar, 10,1880._| 29.9 /_____. R I'30.2 'I --i —30 to 40 N. 900
Mar. 26, 1886.. 29.5 ____________ [ 30.4 | _..__. [ 0 40  |..___.
Mar, 16,1888..{ 29.5 |._____|._____ 30.3 . _.___. [—— —10 40 NW. 800
Mar, 17, 1888_-' 29, : ,~ ......... ’ 30.2 I ........ e 0 40NW.| 600

——
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. ) . . A . .
TABLE VI.—~DESCRIPTION OF . TYPES OF MAP ACCORDING TO ISOBARS ON DAYS PRE-
CEDING CoLp WavEs, rrc.—Continued.

(LXXXIE—~Gulf 8t. Lawrence low; high to the sout]hwest. Type November 12,1883, Nunber of
cases, 14,

l . ,
Low i- |Longi-| 10&h | noovion Distance, , Dis-

Dato. press- {ﬂ‘(}:‘ A ! presy- ﬁ{(gf:low‘ hlig{:, to Temperatures, tanlco.

m | e ° ‘ I | Miles. ° o | Miles.
“Jan. 2, 1880..29.4 |_____.|._.._. 30,3, SW. |.-co...| 10to GO N. 900
Feb., 9,1880_.]29.5 ...l ____. 30,4 | sw. 500 0 30NW. | 400
Dec. 28, 18801 29.2{ 47| 61 !30.4| SW. 1,500 | —40 30 NW. | 1,200
Dec. 15, 1881__1 20.9 | 47| 651 30.5, SW. 800 | 20 50NW. | 800
Jan, 22, 1882_.1 29.3 | 47| 69:30.7: SW. | 1,200 —30 50 NW. { 1,400
Nov. 12,1883..0 29.0{ 50| 67, 30.7| SW. | 1,300 20 coNW.!| 700
Dec. 9, 1883__130.0 |___._.|.__._. 130.5 ] SW. 1,400 | 40 GONW. |.____.
Nov, 24,1844..[ 20.3 | 50 | 68 | 30.4 | SW. 1,400 | —10 50 NW. | 1,000
Jan, 10, 18851 99,2 | ..l .. 130,41 SW, 1,300 | 10 40NW. | 400
Dee. 20,1885_.1 29.3 1 45| 65 30.41 SW. 1, 000 6  30N. 500
Jan. 18, 1887_ 1 2RO 1 |__.._.i30.6 | SW. 2,000 | -3 30N." 700
Jan, 21, 1887 201 | O 1302 | Sw. 5Looo | 10 40NW. | 200
Feb. 9, 1887 20.2 |7 I ‘ 30.4 | SW. | 1100 10 40NW. ' 400
Dec. 13, ]88!)__i 99.7 |.____. ; ______ 30.4 | SW. 1,800 | —20 50 NW. 700

B _ [ .

[LXXXJL.—Gulf of St. Lawrence low ; very extensive; ronching west to lakes; high to the north-
west; extending southeast. ‘Type November 13, 1883, Number of cases, 10.]

e
' | R !
Jan. 14, 1883.. 20.5 |.__._. ! ______ L 30.3 l SW, 900 | —30 to 40 NW, | 1,300
Feb. 8,1883__| 20.7 [ 30,4 sw. 1,000 | —10 10 f..__.
Feb. 9, 16883.. .G | SW. 1,100 | —20 30 N. 900
Mar. 11, 1883 .4 W e e -
Nov.13,1883__| © 7w, | 1,600 0 30S. | 500
Jan. 4, 1884 ._ L4 W. ol o i—40 408. 11,100
Dec. 16, 1884 __ .4 i W. | 1,600 —20 B0ONW. ! 1,100
Dec. 6, 1885__ el ow. Ll | —20 30N. 800
Dec. 3,1886__ .9 . W. | 1,600 | —30 GO N. 1, 200
Dec. 14, 1886_- el ow. Ll . —10 40 N. 500
i I

[LXXXITII.—New York Stato low; long from west to east; isoburs wide apart in southeast;
hightotheo northwest. Type Novembor 28, 1880, Number of cases, 7.

| 1,000 | —20 soN. | 1,200
| !

. . | |
Mar. 5,1880..120.3 | 43| 79130.1 8. | 700 —I10to60 NW. | 700
Jan. 6,1881..120.6 | 44| 77 [30.3| NW. | 800 —20 30NW.| 800
Nov. 19,1881 ..} 29.8 43 76 | 30.6 w. 1, 60O l —10 GO NW, | 1,000
Dec. 5, 1885..29.2 : 44 ’ 78 30.3 | SW. | 700, —10 40NW.| 700"
Mar. 28,1887, 29.6 | 43 | 76306 | NW. 700 | —20 40 NW. | 1,100
Dec. 11, 1887..} 29.9 221 78 I 30.5 NW. 600 i —20 40 NW. 700
Nov.28,1889__) 29.5 | 43| 74 .30.8 ‘ NW.
|

[LXXXIV.—Now York State low; open northenst; rounded end southwest; high to northwest.
Type December 21, 1888, Number of casca, 1.]

I
30.5| Ww. ll 600

0 to 30 NW, 800

: |
Dec. 21, 1888..| 20.7 ! 45 ' 74
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TABLE VI —DESCRIPTION OF TYPES 0F MAP ACCORDING T0 ISOBARS ON DAYS PRE:
CcEDING CoLD Wavres, Erc.—Continued.

[LXXXV.—Virginia coast Jow; extending northwest to southeast; high to the northwest. Type.

Felby,
Feh,

. I Tow

Date. | press-

| ure.

In.
Fob, 23,1884..1 29.6 |
28, 1884...1 29,2 I

18, 1885. - 29. 8

I<ebruur) 25, 1834, Number of cases, J]

{ | i
L . | High Distance,

| Kotk on preee fff’f"f-' i) highto'| Temperatures. | yqnde,

i . H I

- [ ! [

le ° , U ites, e © Miles.
38 76 30 6 | NW. ! 1,200 | —10 to 50 NW, | 1,400
381 761 30.5 i Nw. 1,300 | —30 60 NW, | 1,400
3Ri | 30.7 | NW. 1,600 | —20 40 N. 1,200

| | s j

[LXXXVI.—Virginia const low ; rounded; symmetrical isobars.

Mar.

Jan,

[LXXXVIL—Virginin coast low; very wide: open to tho ocenn ;

Dec,
Dec,
Jan,
Nov.
Jan,
Jan,

. 28, 1885_

- 20,
| 2y, 2
! "‘) [

30,1881..
‘) 1884 .

13,1886. .|

26, 1880 _|
93 1881.
19,1834 . l
23, 1685
1, 1887
6, 1887

Mar, 25,1889 .

e
|

2

29. 6

wwwwwww“
Soer

Lo Ls

. 29,1887 29.3

QCDC:QQ(R@.

of cases, 5.}

Type January 28, 1885, Number

| asl 7 see e R | 20t 50N, | 600
| G R — T TS0 a0W. | 200
39 + 30,4 | W, .0 600 [ ~30 50NW. | 1,000
40 304 sw. 900 | 20 50 NW. | 1,000

i i i

Type January 1, 1887, Number oh-nseu 7.

n

———

[LXNX VI ~Georgln, South Caroling low; extensive high to the northwaest,

—~—

Jan,
Deg,

Mar.,
an,
Fob,

ac,

.18, 1884 __j
. 92,1885 |
. 25, 1886 _

. 17, 1887
17,1889

30,0 jocmi e
! [

cxtonuno high to the northwest,

| 860 76,30.4 7 NW. 1 1,300 I —10 to 30 NW. ' 700
C o3 72,3050 W 13,3000 10 40NW.| 800
] 76306 | NW. i 1,000 | —10 4ONW.! 600
| ' 13031 NW. ! "800 40 GONW.! 400
] 2130.8 | NW. 1,100 | —40 50 NW. | 1,200,
( 41 7~ 306 W. | 1,300 | —40 20 NW.| . %00
;s | 20 500 ...

T'ype December

13, 1880
29, 1880
26, 1881
1, 1882
4, 1882
30, 1882 __
5, 1884 _

5, 1886._ .

30,
24,
29,

29,

29. 1

29.
30.
29,
2.
29,
24,
29,
30.

1%, 1884, Number of cases, 1,

! B ! l__—_— T T T ‘ -
o34 ; 77+ 30.5 NwW. 400 | —20 to 60 NW. ' 1,400
[TRPIPUS- (| A I ceme - | —10 BUNW. T00
i 35 | 77 ‘ 30.4 NW. 1, 000 20 GON. 700
33 80O | 30.3 A\ 600 20 HNW, GO0
| 35 82 \ 30. 2 \\A 700 40 G0 NW, 300
L33 7903081 NW. | 1,300] 0 40NW.| 1,400
____________ 1'30.8 { NW, 800 « —20 40 NW, 600
i 34 I 76 | 30.7 NWwW. | 1,100 | —40 60 NW. : 1, 600
. 32 l 79 ¢ 30.7 NW. ¢ 1,400 | —10 60 N. 1, €00
35 80l 30.3 ! SW. 800! 0 60 NW. | 1,100
30 17 l 30.6 ' NW, 700 10 H0 N'W. 700
: 33 .._...,i___.. [ D, 40 60, |o_---
; 33 30.5 ¢ SW, [y 40 GONW. [ ..._
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In the above descriptions the direction given is that in which the temperature
diminishes.

The specimen weather-muaps of the various types are given at the end of this paper.

On the accompanying chart is shown the number of' low centers of barometricpressure
that have occurred in the various 5° areas in latitude and longitude, in ten years past,
and also their generalization by lines joining poiuts of equal frequency of occurrence.
The lines are in a measure also representative of the relative frequency in the different
parts of the country of twenty-four-hour falls in temperature of 20° or more.

From these types it appears, for instance, that with a low in New Ingland and a great
high to the southwest, the 20° fall area is crescent-shaped. When the area of low press-
ure is not perfectly symmetrical, but is curved or crescent-shaped, as in the case of Type
XXII, March 11, 1884, the 20° fall area is alwayssimilarly curved.  Type N XXI, which
is a highly important one, shows the power of’ a great area of” high pressure to distort,
as it were, & low pressure area.

There are in all eighty-eight types of maps.

The number of cases in the different types vary. Type XXXVI, for instance, 2
V-shaped low in the vicinity of Luke Superior with a high to thenorthiwest, has 22 cases,
while XLVIII, a low in Michigan with high to the southwest, its long axis pointing
southeast, has only n single case.

A slight inspection of the weather maps of the day preceding the occurrence of cold
waves will show that the extent ot the temipernture Jall and its magnitude is Jdependent
on the extenf of the low and high areas of pressure. The greater the area of country
covered by the low pressure and the greater its depth, the greater will be the extent of
temperature fall. But the extentof temperatire fall is also found to depend materially
on the density or frequency of the isothermal lines in the region covered by the high und
low areas of pressure.

There is alwayssome slight diminution of temperature in going from the Ohio Valley,
for instance, towards the northwest. No matter how slight this temperature gradient
may be, if there is a Jow area of hurometer, it js apt to be followed by a fall of temper-
ature. But without some areaof low pressure or a very great area of high pressure back
of the crowded 1sothermal lines, no matter how close the lines may be, and they are not
apt to be very close under such cirenmstances, there will not follow any fall of tempera-
ture, It often happens that there is a crowded condition of the isotherms, with only a
slight elevation of pressure, 30.3 to 30.4 inches, extending over o considerable arew of
country and yet there follows no fall of temperature. 'Uhis seems to indicate that there
is some considerable part of every high aren of pressare and even the whole of some of
the areas that is merely the result of the low temperature, and not its cause. There
seems to be some condition of gradient of temperature corresponding with slight increase
of pressure when the air is nevertheless in a condition of equilibrium or no tendency to
motion as a whole, and no fulls of temperature ensue to the southeast of the high area
of pressure. A condition of this kind occasionally lasts for some time, as on January 4
and 5, 1890.

An extengive Jow area of pressure in Colorado and thereabout is connected in some
way that is not understood with the tarryingof these areas of high pressure to the north-
east of them, in Nebraska, Dakota, and Minnesota.

Table VII shows in a number of instances of cold-waves the magnitude of the fall of
temperatureand the extent of fall dependent on the juagnitude and the extent of the
pressure and temperature gradients.

The first column contains the date of the occurrence of the lower temperature; the
second contains the place of greatest fall; the third, the temperature belore the fall,
where greatest; the fourth, the fall of temperature; the fifth, the temperature gradient
or diminution of temperature in a distance of 500 miles; thesixth, the widthof area over
which the contrastof temperature extends; the seventh, the pressure gradient or increase
of pressure in a distance of 500 miles; the eighth, the hizhest and lowest isobar und the
shortest distance between them; the ninth, the extent of c¢old wave within the 20° fall
line, the unit of extent being a fall of 20° over an area of 50,000 square miles.

There are two maps in ten years on which the maximure temperature in twenty-four
hours was 60° or greater from 7 a. m.. of one day to 7 &, m. or the next. This com-
prises all of the 60° falls on the morning maps. There may have been some falls of 60°
oo the afternoon or evening maps which were not noticed, as these mups were not ex-
amined exhaustively.

There are 16 maps in the ten years where the maximum falls in cold waves were be-
tween 50° and 60° There are 77 where the maximum falls are between 40° and 50°.

The cases of maximum 20° and 30° falls being very namerous, about sixty of each
were selected, or one from each cold-wave month in the ten years, for the purpose of
comparing pressure and temperature gradients on them with temperature-fulls occur-
ring the nextday.

Sixty cases were also selected where the maximum temperature-1alls were between
10°and 20°. ‘These are pot, however, classed as cold waves.



e TR
-“'"\4-?&{ u‘ﬁ,‘,,];l;.-. Pl
iy Seaar Uzlﬁllm-m‘.

il

v

spand Haven

RpykTale-t &

SN

“,"ﬂ(‘hl
e ”"‘{:Tnv(‘zt,\.

. i \ 3 -\ » ‘ »‘ ! t " : v Ll

AW, GREELY, Chief Signat Officer.

Obaeryations foriha Signal Service
arefaken b 8 A M & BB M,
7sth Meridian Time.

by e

{
R




REPORT OF THE

CHIEF SIGNAL OFFICER.

119

TABLE VIL—FALLS OF TEMPERATURE AND PRESSURE AND TEMPERATURK. GRA~.
DIENTS ON THE DAY PRECEDING CoLb WAVES, 1880 10 1890.

N

( N 1
s g 2 g
3 |e | o |Baf
g1 82 |5 8 35| o
32 Es } 5 2z 53| ¢
Date. | Pl s 2 8% 22 t%l =
ate. ] ace. si & o' ’5_9, 73 |38 3
| R 5= 2ol [ Q‘g 8
| 28| 2w s | o2 =
| gial EF s 2 801
| &'. R g =] ’ o B ! g Q a
| gl=| g% 12 ¢ 202
o Y i 'N [ o (]
l [ = i-—'J . a =] =
I P !Milev | Inch. 'M:l('a |
Jan, 14, 1884-.| Moorhead, Minn._; 37—63'4-_.._..._l_.__.'- W, 0.38 1, 200, ...
Feb. 17, 1883. . Keokuk, Jowa ._.| 60 ()0 W. 54! 6500 NW. 0.63 800 - ...
Cincinnati, Obio... 64'—56].__ ._.___ .. | W. 0.6 600 - ...
Nov. 28, 1887{ Louisville, Ky ._ 68--—-’)8, NW. 78§ 500]..cencemannioans -
Nashville, Tenn _.; 66—54. NW. 63 |.___. Jrommmme el e
Dec. 24, 1884..) Denver, Colo . . _. 4850 NE. 56| 800 NE. 0.70; 400......
Dec. 1, 1886..! Bismarck, N. Dak 35—5v . ...  NW. 0.50; 400].....
Jan. 14, 1881 .. Fort Sill, Ind."I'. ) 57— -xO. N. .)() ll OUO NW. 0.560 | . .} .2
Jan. 18, 1884__| Winnipeg, Man .| 28;—51". - ._.| SW. 0.57 | 700[.....
Jan. 13, 1885_.! Rockliffe, Ont .__ .1 33—54, 47 750 W. 0.78 |- 900]- .-~
Jan. 12, 1887._] St. Vincent, Minn. 20 —5‘3; ................ , SW. 0.45 (1, 000;. .. ..
Jan. 13,1888__| Valentine, Nebr . .| 300—50, .. ... ___l____ ‘.. .t .l
Feb. 11, 1885__( Cape Heury, Va_.; 64—50" NW. 43 11,300 SW. 0.64 |1, 100 .
Feb. 11, 1887__| Lamar, Mo..._._.| 63—54i NW_ 61 600, N. 0.73 | 550-._--
Feb. 14, 1888._1 Yankton, 8. Dak .| 40—350] N. 50 | 5000 N, 0.60 | 400.._..
N odo Lo 44 —50, .o e e
Feb. 5,1889{ Moorhend, Minn. .| 18—54] N, 58°| 500 NW. 0.79 | 700|..—_-
: Fort Buford, N.Dak: 43—50. . _..___ ... SW. 0.50 | 800/.....
Mar. 18, 1883{ Moorhead, Minn 1. ..!—5X|.--_ RN PRI PEUUUUUI VO PRNUIPI SRR
Nov. 26,1883 _{.._.do .. _....._.. , 38—5H2 NW., 46 | 600 W. 0.50 | 400..._.
Jan, 26,1889 . ___do ... _.__ 12430 .. __|..._.| NW. 0.75| 600j.....
Feb. 16, 1882. | Fort Assinniboine, . 41—53 _________. SNPGRS .
Mont. i | . :
Nov. 19, 1881 .| Denison, Tex ...  70i—~42 NW, 37 (1,000 NW, 0.37 11,050, 14.
Nov. 12, 1832__ Fort IiHiott, Tex N 63 —46- NW, 65 4500 NW, 0.37 1,050' 12.9
Nov. 23, 1884__] Kansas City, Mo..» 52,—40; NW. 37 | 500, NW. 0.50 4 - 600; 14.2
Nov. 24, 1884 .. In(haunpohs, Ind. | 56 —44’ NW, 48 600) NW, 0.83 600| 20.7
Nov. 23, 1886 ..; Kansus City, Mo .' 61 —41) NW. 43 600| N. 0. 86 500| 12.6
Nov. 27, 1887. .| Concordin, Kans..! 32—12| NW. 45| 800, N. 0.45 {1, 000] 28.5
Dee. 27,1880_.| La Crosse, Wis _ ..} 25 —40] NW, 37 | 500, NW. 0.36 | 650] 19.4
Dec. 14, 1883..1 Moorhead, Mion. | 33-—40| ........... e WO 0,48 900 ...
Dee. 15, 1883 Parry Sound, Ont._ lg5imagl NW. 37 1 700: W, 0.54 1, 300! 28. 2
Dec. 18, 1883__| Bismarck, N. Dak. 3‘)—-—491.-_”. ooy SW. 0.60 | 750|-...!
Dec. 27, 1853..| Des Moines, lowa_| 37—45. N. 72| 500, N. "« 0.50 | 600| 122
Deec. 31, ]88‘1-- Palestine, Tex . __. . 64—41 NW, 62, 000 N. C. 34 11, 300] 4.
Dec. 20, 1887_.| North Platte, Nebri 30—48 NW. 37 | 600, NW. 0.66 600] 20.
Deec. ‘31, 1887..! St. Lonis, Mo _.__; 42'——4‘7' \I\V H6 ) 450 NW, 0,60 950! - 9.2
Dec. 28, 1837._| Kansas City, Mo_.| 32, ———42| NW. 8 | 300, NW. 0.55 450! 16.
Dec. 22, 1888..! Kingston, Out _. ; 32— 40[ W. 251} 650{ NW, 0.58 700 8.4°
Dec. 19, 1889__} St. Vincent, Minn_| 34j—42_____.___ oo | NW. 0.50 | 400|.....
Doc. 29, 1889, _|....80 .. ... 24—qa NW. 25 600, NW. 0.43 | 800| 15.7
Dec. 30, 1889__; C]m-ngo Mmo.._.. 60.—44: NW, 67 ’ 600 XW, 0.60°) 600/ 21.1 .
Jan. 2, 18%0. | 'St. Vincent, Minn_) 3L—4lj. ... ... I PR P,
Jan, 6 1840 d0e oo Q5 —a4 .. A
Jan. 12, 1880__| Madison, Wis . ___j 61.:—41] NW., 61 | NW. 0.66 | 650{ 22,
Jan. 13, 1881__i Cheyenne, Wyo.__| 88 —41j.__._.___. ... PR S S -
Jan. 1.), 1881___! Barlington, Vv ___| 37.—45 NW. 47 ; 700, SW. 0,36 i1, 100 23,0
Jan. 17, 1882..; Denison, Tex.....! GUi—44] NW. 568 i 450; NW. 0. 67 | 400\.(2,
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TEMPERATURE GRA-

DIENTS. ON T1(E DAY PRECEDING CoLD WAVES, 1820 10 1840—Continuned.

Mar, 2,

|

\

v
|

e i
LS ﬁ
sl EZ |
< g h
HE
! 85 l
Date. Place. s D l PR
AN
1z & ] =
8.8 28
5= §°
' ll& 3 ¥ ] =
{.a Crosse, Wis _.. ‘)5 —40! NW, 15
Jan. 20, ]883}\ Corpug Cliristi, Tex. o 51
Jan. 19, 1884..] Omaha, Nebr.._. 1 50 .
- Jan. 93, 1884.. lonhmmd,l\ D.\\\ E e
Jan. 'l, 1885..1 Alpena, Mich_.__. L gn—-18 .55
Jan. 12, 18&)-_‘ Daluth, Minn ____j 26—47 NW. 49,
Jon, 17, 1845._| Montgomery, Ala_l G¥—450 NW. 15
Jan, 18, 18R5. ., Norfolk, Va ... 70—45 NW. 36
Jan. 6, 1886..1 Rockliffe, Out __.| 88—45% W, 24
Jan. 7, ]8“(‘..' Cheyenne, Wyo - ‘23:—46! N. 41|
Jan. ]8 1886 - Rocklifie, Ont_._.] 28,—43) W, j»lH
Jan. 13, 1887.. l’.ury Kound, Ont_| 20;—49: W. 31
Jan. 17, 1887._| Lamar, Mo.._.-.. 53 —421 NW, 37
Jan: 18, 1887._| Um(tunno;.u Tenn| 5al—40' N'\V’. 1"
Jan. 21, 1887... La Crosse, Wis__. .| 37—40 NW. H3
Jan. 27, 1887 .1 Kastport, Me _____ H—«!.O W. 5.0
Jan, 30, 1857. ., Yanlkton, 8- an._t 30—42 N, 60
Jan. 31, 1887, ° Parry Sound, Oont_j 30—4b NW. 0o
Jan, 1, 1888._i Palestine, Tex .. 61-—10 N, = 49
Jan. f" 1888, o 0. e e G8—AB KW, 68
Jan, 15, 1888 | __do. o ... Pas—ad, NW, 49
Jan, 20, 1888 _i Cheyenne, Wyo. ! 3442 NE. 54
Feb, 28, 1880.. 8t Lous, Mo _..» 62 ——4‘7 NW, H4
Feb, 24, 1581..1 Quebee, Quebee. ! 98l—q8 L. :
Feb. 18 8! l..l\tpmt Me__.._1 4}— 4..I| w. a0,
Feb, 4, 1883..! Shreveport, la..._; f»‘!-— I NW. 61
‘Feb. 16, 1683_-! Moorhead, Minu__! 300—42] _.__.._.
Feb. 15, 1884, Rocklifie, Ont ___ ! w43 W, 2%
Feb. 9, 1880_.. St. Paul, Minn P 30.——4(); NW. 50
Teb. 20, 1884._% Davenport, Towa_ | 45—42, NW, 52
Feb. 27, 1884 ..} Moorhead, Minn_ ¢ 26 —46:.____---.
¥eb., 2, 1885._! Parry Sound, Ont. 10!—43 W, 26
Feb. 10, 1885_. Nashville, Tenn .. 6:2-—44; NW, 46
Feb. 17, 1885. .1 Toronto, Ont. ___. i 20i—d0i NW. 37
Febh. 26, 1886_ .1 Bismarck, N, Dak i 37—43 NW., 60
Fel. 26, JR8G_.i Parry Sound, ()ut 33—40, W, 36
Feb. 1, 18%7_. Fort llioty, Tex - 4:’)_-—410: N. 44
Feb, 4, 1887 Talestine, Tex . P67 —42 No 54
Feb, 10, 1887..0 Rapid City, S, Dak.: 36—4%i N, 45
Feb. 12, 1887_." Columbus, Ohio .., 63—d44. NW, 52
Teh, 2,, 1857_.! Rockliite, ()ul-___l >1;-—43; NW. 38
Feh, 7, 1HH‘L-. Jinron, $. Dako_.. 30 —48) N, 62
Feh, 15, 1888_ . Kingston, Unt .| .141——4‘2 NW. 47
Feb, 16, 188%._' Boston. Mass. ._-_l 38 —40! NW. 53
Feh, 25, 188%__1 Moorhead, Minn_. EYTT |
Feb., h, 1889__; ‘Toronto, Ont. ..o 3G'—46] NW. 44
Feb, 23, 3, 1889 __y Erie, Pa. .. 30—40, NW. 50

" Extent of temperature gra-

!
|

dient.

. Pressure gradient in 500

|
\
!
i

v

:1111'1(’3.1

00, NW.
GO N,
GU0I N'W,
P NW,
.‘1,00| Nw,
40t W,
i1, 4000 NW,
1 400, .
1 000: NW,
a00 N,
1 000 NW,
"900 ..
OO NW.
700 W,
5000 N,
l(lU e
500" W,
B0, W,
650 N'W,
500! W,
G30. N,
700 N.
656, NW,
- W,
HOD; W,
:mo.‘ NW.
tm(\ AW,
500" N,
oou\ W,
NWwW.

T uod NW.
101000 NW.

800: SW.
3000 W,
900! W,
8501 N.
#00| N,
GO0 N.
~oul W,
HOOl W,
m() W.
.)0 W,
n.)O \V.
smo‘ \W
Gunl W

18871 Yort Buford, N, D.| 45—49| ... coo-loo ] W,

!

-
“*$:
e
g
-Cg I ?j
g <%, 5
= A )
g Y| 3
S L I
so|
-
EE
2 e
o 2
Inch. |Miles.
0.5% 1 7007 1. ¢
0.40 ! <;uuisl7 2
0. 54 )o()l 21,0
040 {_... . ..o
0, 82 EO0F 29,9
0. 37 =00 24,6
0. 55 550 12,4

0.54 (1,400 13.5
0.61 900, 11. 4
0.42 | GO 14.6
0.50 \ V00 6.4

U.50 i 4()(), 16.2
0,723 | qout 17,8
0.58 | 6wy, 6.6
) U,
0.57 1 700 14.1
0.50 1 B350, »O
0.62 ' 6500 11.0
0, 42 } 700 14,7
Q.39 1 630 15,8
0.50 ... "Gl
0.58 GO0 13.4
0.52 1 8900 _.__.
0.13 1,00 ..
0.50 | 700 10.3
0.4 1 200 10.4
1.00-; 300 0.8
1.00 350, 20. 4
083 e iome -
0.50 1,050 &7
0.58 1,100 25.8
0.38° 600 7.3
0.50 ' Gho 22,4
0.93°' 700 178
0.60 ° TH0 13.8
0.50 " 00 9.5
0.50 1 500" 11.2
0RO G0 29,4
0.61 | 900; 12.6
0.32 0 600, 4.7
0.50 1,000 26,5
0.55 900 11.1
036G 01,100 8.7
0.67 - 900 9.6
0.46 ‘1,200 19 8
0.50 | 700, 15.6
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TABLE VIL.—FALLS OF TEMPRERATURE AND PRESSURE AND TEMPERATURE GRA-
DIENTS ON THE DAY Prrecepiva CoLb WAavVES, 1880 10 1830—Continued.

3 | i =
). °. ' 3
~ m N
‘. o g2 ) E g
= =N e, +
=] ] P B a
! 3= g L
Date. Place, e B LT g8 E
[ l-.E | &% 5
Ei & Bo i3
g1 = e@ .2 e
g5 ¥ @ 8
£, = { E% i*E ]
Pq‘, | & E‘—‘: | = &
! I ﬂlﬂcm!
Mar, 7, 1887-.| Qu’Appelle,Assin.| 27 —43i_ ... ___|--... SW.
Mar. 13, 1887_.] Minnedosu, Man..: 23—42 . ______._ cee W,
Mar, 19, 1848-.] Qu’ Appelle, Assin.; 40.—48 ... __._". cLlw
Mar. 20, 1888. .| Keokuk, lowa .._.| 56—40 NW. 50 | 600, NW.
Mar. 21, 1888__1 Bismarck. N. Dak.; 3d/—a0'.____.____|._.. ‘ w.
Oct, 16, 1880. .. Fort Smith, Ark..’ 7T1—33, .. .____. cemo| NWL
Oct. 8, 1884..1 Dodge City, Kans,j 6:3'—30 NW, 36 | 60| NW.
Oct. 21, 1886..1 Marquette. Mich . 66:—30. NW. 10 . 606 SW,
Oct. 20, 1888__1 Fort Smith, Ark__| 68!——30 NW., 48 | 400 NW,
Nov. 7, 1880..] Montgomery, Ala.| 67 —31- NW. 35 | 530] NW,
Nov. 18, 1881 __| Kansas City, Mo__| 61.--36. NW. 53 1 600, NW.
Nov. 20, 1881..; Knoxville, ’l‘elm_,l 66,—3% NW. 7 Qou| W,
Nov. 14, 1882 .0 Atlanta. Ga._____ | 64l—33 Nw. 31 l TOU SW,
Nov, 27, 1833__! Louisville, Ky..._! G3 —30. NW. 38 i1, 100! SW,
Nov. 25, 1884 __{ Tastport, Me. ___| 53—31____.___. oS,
Nov. 13, 1885. .+ ort Smith, Ark_ . Gil—34 NW. 36 aw‘w.
Nov. 18,1886..i New Orlcaus, La__| 74\—259. NW, 42 RO0: NW,
Nov. 26, 1886. .| Charleston, 5. C.." G+|-33] W, B |, Soplksw.
Nov. 20, 1887__' §t. Louis, Mo ...l 30" Nw, a2 1 550 W,
Dee. 6, 1880 .1 Louisville, Ky....' 60'—3% NW.. 75, 400, SW.
Dec. 14,1881 5t Louis, Mo -] 6030 NW. 30 | 700 NW.
i , v -
Dec. 8, 1882 .| Wilmington, N. C. 51»'—:;:3;;{}: i 'l.?g:;'i“'“"
Dec. 31, 1853, 1 Palestine, Tex ...| 66'—33, NW. 48! 400 NW,
Dee. 19,1884 | Wilmington, N. C.| 53 —35 NW._ 27 11,000 NW.
Dec. 5, 1r85.| Kansas City, Mo. | 50--35 NW. 30 | 700 W.
i : ¥ O B
Dee. 16, 1886..[ Pensacola, F]n---.! 54— 30 ;LE\:&: :i !l'gag-sl\'\\’.
Dec. 29, 1887.-! Wilmington, N. C.} 60-—32 NW. 40 | 90 SW.
Dec. 25, 1848 | Des Moines, lowa_| h2--#2 NW. 60 ° 500 NW,
Dee. 26, 1889, 0 ____do._.....__ .| 60=34 NW. 40 900 NW,
Dec. 7,1882__; North I’latte, Nebr| A5--39 NW. 9% R00. NW,
Dec. 15, 1RR6.._ Owaaha, Nebr oo 42-—35 NV, 42 - 6000 W,
Jan. 10, 1830_.) La Crosse, Wis____.. 49-—31 NW. GG 450 NW,
Jan, 7,1881_ i ____. do._. ... _.__| 17—30. NW, 40 550, NW,
Jap. 14, 1882 Milwankee, Wis._| 35—35 NW. 41 550, W,
: L, § Dualuth, Minn . _ .. 76—3% W, DD 300 W,
Jun. 14, 1883 o eveport, La . 60-~34 NW. 70 1 5000 NW.
Jan. 14, 1883_. Doduc City, Kuns_; 22 —38 N. 431 600: N.
Jun. 6, 1884__ Charlotte, N, C._.: 40—32 NW. 50 GOOT NW,
JJan, 25, 1885 Kausas City, Mo_. 31—31' NW, 49 800 NW.
Jan. 9, 188G__; Montgomery, A]a_’ 47—39 NW. 53| 500 W,
. i AN W S0
Jan. 2,1867.." Wilmington, N. .. 69 —i4 ;}:}: a l‘;gt’,iw
t : ’ 32 W
Jan. 14, 1888.. Toledo, Ohio .___. f4of—3ngpiv‘ u :ngS\V.
Jan, 17,1889_. St. Iaul, Minn .t 38—32 NW. 30 i 650

miles,

Inch,

0.
0.
0,
0.
0.
0.
0,
.42
. 50
.44
.33

0.
.
0.

0.
0.
0,
0.:
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.

5

4

40
70
40

38

40
38
a6
H0
a0
76
43
i
a2
32
&5
20
36

92
50
70
G2
90
46
b9
85
60
Ha
a0

&0

Hh

. 90

50 i

86 ;

|

L ol
g
<
.-t:_g gﬁ
sE!| g
AR
£z 8
&—9| o
gei
§<i E
A : -
(=) i I:i
Mites.!
1,000 9.8
500" 13.1
1,000, ...
5ool 7.5
DL
400 4.4
600° 4.1
350. 3.5
5500 7.2
7500 9.8
850. 6.3
00 9.0
+00 14.8
1,100 ...
| 900, 11,9
1700 12. 4
700 8.6
6500 6.1
450! 11,2
700: 11, 5
HOO: 23, 5.
500 4.3
1,150° 11.6
700; 24,1
700, 8.0
I
600 21.4
5000 1.9
400, 6.8
800" 21.5
80U 21.8
400 9.1
600, 5.3
150. 3.8
700
4004149
600 -
800, 5.8
500; 8.1

500 12.6
1,000 1.4

5000 18.3
14.3
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TEMPERATURE AND PRESSURE
DIENTS ON THE DAY PRrRECEDING CorLD Waves, 18380 'ro 1890—Continued.

AND TEMPERATURE GRA*

Mar. 21, 1882 __
Mar. 19, 1883. .

Mar. 12, 1884 {

Mar. 25, 1885. .
Mar. 14, 1887..

‘Mar. 3, 1888..

Mar. 16, 1889__
Oct, 5, 1881._
Qet, 17, 1880 ..

Oct. 13, 1851 __|

Oct, 16, 1882 __
Oct. 15, 1883 .
Oct, 22, 1884 __

Oct. 4, 1885._;

Oct. 16, 1886 __
Oct. 12, 1887 __
Oct. 19, 1888 __
‘Oct, 9, 1887 __
Nov. 3 1888..
Nov. 1.) 1880..

Nov. ‘24, 1882 .
'Nov. 6,1883__
Nov. 5,1884._
Novw, 14,1885__
Nov. 14,1885..
Nov. 13,1886..
‘Nov. 23, 1887._
Nov. 9,1888_.
Nov, 28,1889_.
Nov. 12,1889__

, Date. Place.

:
Jan. 29, 1887..| Fort Custer, Mont. |
Feb. 20, 1881. .| Norfolk, Va....__
‘Feb. 14, 1880._.) Chattanooga, Tenn.i
Feb. 13,1881 Lynd\bur;,h Va..
Feb. 21,1882. .| Memphis, Tenn__.!
Feb. 18, 1883._| Washington City _
‘Feb. 14, 1884__| Cincinnati, Obio._
Feb, 16, 1885__| St. Louis, Mo__.._ i
Feh, 16, 1886._| Knoxville, Tenn._
Feb, 9,1887__| Alpena, Mich_____ !
‘Feb, 26, 1888._| Toledo, Ohio .__.__ I
St. Paul, Minn._.1

Feb. 17, 1889{ Springtield, Mo. ..
Mar. 8,1880__{ Alpena, Mich ...
Mar. 4, 1881._| Chattanooga, Tenin.

Iort Smith, Ark..
Kansas City, Mo..
JFFort Smith, Ark ..
La Crosse, Wis___
Parry Sound, Ont.
Cincinnati, Ohio_ .

St. Louis, Mo.._.

Springfield, Mo__.
Pittsburgh, 'a.__
Columbusg, Ohio_.
Kansas City, Mo._.
Yankton, 3. Dak .
Boston, Mass
Keokuk, Iowa.____
Detroit, Mich ____
Albany, N. Y .__.
Atlanta, Ga
Kansas City, Mo_.
Des Moines, Jowa.
Indianapolis, Ind.
New York City ...
‘Chicago, 111
Kansas City. Mo. .
Louisville, Ky ..
Washington City .
Atlanta, Ga
Chattanooga, Tenn
FortSully, S.Dak.
Vicksburg, Miss_..
Mobile, Ala
Fort Elliott, Tex .

5
g %L
w3
gl = 03
Sl % g
-— [} -~ Q
a| & R
g 2| .AE
g3 B
SiEl &
v ] e m— i —— ——
27'.——:;3!
63'-=32 N.
66 —30] NW.
59 —31 \V.V
o on SNW,
66— io!gxw_
60'—30' NW.
A5 —35 NW.
P
Hh8 —3'3| NW.
46—33 NW.
48—341 N wW.
o8, -34, NW.
56 —30. NW.
34'—30 NW.
58—30; NW.
()()——‘)Ol NW,
53—38 NW,
6(.-;)' NW.
40—311 NW.
19 =30, - .-
.ml—‘;o @:3
60—36 %NW.
54--33 NW.
6&—24] NW
65 —26 W.
69—28 NW.
62 —27 NW.
71—29 NW.
63 —230 N\V.
65—23 NW.
63 —261 NW.
62—20] NW.
68—22 NW.
66-—20' NW.
68 —26] NW.
46,—23 SW.
';9—18 NW.
65—29 NW.
58 —211 NW,
54 —21| NW.
61-—26._ .. __.
60—28 NW.
28 —28! N'W.
68—24] NW.
64'—24) NW.
40—18 NW.

| Extent of temperature gra-
dient.

Miles,
_______________ | SW,
54 l 600, W,
40 | 800, NW.
27 1,000 NW.
50 | 450
48 |1 onosw
43 | 700 SW.
565 500, SW.
40 | 700, NW.
351 800 NW,
46 { 700 NW.
361 600; NW,
40 | GO NW.
38| 600 NW,.
46 | 750 NW.
30| €00 Nw,
37 1 800 NW,
530 750, NW.
40 | 800}
30 1 csos“‘
_________ | VV.
35 |1, 0000 KW,
70 | 500
53 750%“"
44 5000 NW,
54 | 9000 NW,
23 TH0, 8.
46 | 600, W.
50 0 300 _.__.
66 | 250 W,
421 450 NW
16 | 900, W.
20 | KOO, SW,
17 11,100 NW.
23 9500 NW
31| 550 NW.
34 | 5500 SW.
12 | 650° SW,
24 1 600 SW.
45 \ 600, W.
23 600. NW,
20 1 900" SW.
30! 700, NW.
300 700 NW,
30 | 700 NW.
26 1 650 W.
50 i 500" NW,

| Pressure gradient in 500

80NI. . .

e |
g |
.223 )
;|3
L8
|22
S
|25
%!
|Q \
OPEUPTU P
‘ l
Inch, Miles.
0.64 1 700,
0.50 | 500
0.22 | Hoo
0.80 { 700
0. 40 700'
0. G0 900
0. 40 300’
0.52 | 900
0. 64 Hd(0);
0.50 [ 6uo
0.80 | a00!
0.50 800!
0.40 | 500
0.80 | 500
0.78 45 0|
0.50 | 700,
0.75 600
0.55 | 8o
0.45 ;800!
0.75 1 HOU;
0.65 | 650
0. 60 ) H00!
6.23 '1, 100, 1
100 | 600,
0. 16 l 500
0. 12| 600
0.40 | 350
0,45 | 900l
0.50 | 700l
0.37 )

0.50 | 700
0.62 1 450
0.27 1,100
0.35 | . 900
0.60 | 500
0. 55 ; 450
0.35 | 800
0.40 11,100
| -----

0.60 1 500,
0.50 | 650
0.65 ! 700
0.4R . 60O
0.59 1 600

i Extent of cold wave.

)26
9.4
4.4
4.7
11.3
7.1
§96
3.4
3.4
13.0
24.1
12.1

12,6

1.0
"1

~
Cl:

=TS LEOROEY

WL Gidam s

P Ow



REPORT OF THE CHIEF SIGNAL OFFICER. 123

A
TaBLr VIL—FALLS 0F TEMPERATURE AND PRRSSURE AND TEMPERATURE GRA-,
DIENTS ON THI DAY PRECEDING CoLD WAVKS, 1880 T0 1890—Continued. '

s g |2 %
. 8 o0 | b ['ED .
| s= | | = 53| o
g C & E | - !t«'g ;
= -0, i e . <.z 3
= %3 ! 24 | 28 e
Date. Place. N =g = =8 =
2l e g2 s | [ E] 2k 38
2 & Be |2 w0 s | g
gy 8 gg |8 2 8o |3
=] =] < = aa -
&1 = g3 % 2 s | §
B3 8° |= & 2| %
& | & & & ~ a =
X Milcs.! Ineh. |Miles. '
Dec. 9, 1880..| Louisville,Ky...| 36—~25{ NW. 40 = 700: SW. 0,70 | 500/ 2.4
Dec. 21, 1881 Denison, Tex -...| 54—22] NW. 34 | 500/ NW, 0.71 ! 450" 0.7
Dec. 15, 1882._( Keokuk, Towa .| 25—20) NW. 34 | 650; NW. 0.34 | 650, 2.7
Dec. 8 1883__| La Crosse, Wis._.| 50,—26| NW. 34 ! 6ol W. = 0.50 11,000/ 6.1
Dec. 12, 1884__| Atlanta, Gi.—._ 64—26, NW. 27 11,0000 NW. 0.43 | 7000 1.2
Dec, 11, 1885.., Wilmington, N. C.| 62—20] NW. 32 | '800i SW, 0.30 : 850/ 6.2
Dec. 6, 1886 Jacksonville, Fla .| 53—24 NW. 31 850] NW. 0.45 | 800 0.5
Dec. 12, 1887.. La Crosse, Wis ._.| 24—22/ NW. 54 | 350) NW. 0.50 | 650, 0.4
Dec. G, 1888__{ ___do_... ...___. 38—20|.. ... ..t W. 0.50 . ... '
Dec. 11, 1889__{ Springtield, Mo._.| 62—26! NW. 32 | 500 SW. 0.50 | 400/ 7.8
Jan, 21, 1880__| ‘Nashville, Tenn - i 58—21| NW. 27, 900 KW. 0.38 | 6u0.....
Jan. 3, 1881__| Des Moines, la.__| 23—24) NW. 50 = 350| NW. 0.75 | 200| 1.0
Jan. 9, 1882__| Louisville, Ky ... 57-—20) NW. 34 | 650 W.  0.45| 7007 2.3
Jan. 18, 1883__| Davenport, I .___| 28—23/ NW. 30 | 800) NW. 0.48 | 800| 8.5
a0 -
Jan. 12, 1884_ | Mobile, Aln..___.| 5828 gg pl '9’58;§Nw 0.47| 550 3.6
; . , ‘
Jan. 26, 1885._| Columbus, Obio_.| 30'—22 NW. 29 1,100 SW. 0.27 11,100 2.0
Jan. 22, 1886._| Erie, Pa. ...._._. 3721 W. 37, 600y SW. 0.45 | 5500 3.8
: H r . =
Jan. 24,1887..| Knoxville, Tenn. . 63-:——29;%7;{&,: i L‘;gglgsw. 0.37 | 950 8.6
Jon. 2,1888_ (... do..... .| 54—30, NW. 40| 700 SW. 0.75| 600 5.7
Jan. 9, 1889__| Palestine, Tox_._.| 56 —26] NW. 35| 800 NW. 0.46 | 750 4.7
Feb, 8, 1880._| Pittsburgh, Pa__.| 35—23 NW. 38 1 500/ SW, 0.50 | 400 ...
Feb. 9, 1882_.) Shreveport, La...| 60—20} NW. 41 500, NW, 0.38 | 500 ...
Feb. 25,1883 _| Lamar, Mo. . _. 50—24| NW. 23 | 650 NW. 0.36 | 700, 4.4
Feb. 6, 1884_.| Pittshurgh, Pa. .. 60—21] NW. 40| 800 W. 0.45 560/ 4.8
Feb. 8,1885..] Kansas City, Mo..| 36—22 N. 37 | o0, NW. 0.42 | 6000 5.7
TFeb, 10, 1886._{ Springficld, Mo__.| 51'—20] NW. 30 | 70ouo; NW. 0.58 | 600, 3.1
Feb, 20, 1888 .| Dubuque, Towa..| 42—=27|.__....._.\__._[ NW. 0.54 | 530 7.5
Feb. 18, 1889__| Palestine, Tex.._.| 56/—28 NW. 43| 700| NW. 0.33 | 600, 5.4
Feb. 19,1867 Louisville, Ky .. 58—23 NW. 21 ; 700| SW. 0.64 | 600j 3.2
Mar. 17,1880__! Atlapnta, Ga.._._. 61]—26/ NW. 351 900 NW, 0.40 | 500{.-0.8
Mar. 27, 1881._| Augusta, Go. ____} 6222 N. 30 7o W, 0,70 1 SO0 ...
Mar. 10,1882__: Memphis, Teoun-. 64—21| NW. 35! 800{ NW. 0.37 [ 800, 1.0
Mar. 3.1883__| Pittsburgh, Pa._ .| 54—26] NW. 35| 800 W.  0.32 11,100 12.1
Mar, 10, 1884_. Wilmington, N. C.| 611—23] NW. 27 |1,100] W. 10,44 | 400/ 3.8
Mar. 17, 1885__| Cinciunati, Ohio_.| 30—21| NW. 37 | 800} NW. 0.45| 900/ 5.0
Mar. 10, 1886__] Shreveport, La___| 50—20; NW. 40 | 650} NW. 0.40 | 500 1.0
Mar. 3,1887__) St. Louis, Mo.__.| 60—27) NW. 45| 800 NW. 0.60 | 700, 5.1
Mar. 12, 1888. _| Charleston, S. C.. 60|—24§§R,' g3 SO'w.  0.53| 150 6.5
Mar. 15, 1889._| Concordia, Kans__| 52—28 NW. 47 "650 N, 0.60 | 500] 1.6
Mar. 21, 1886._] Indiapapolis, Ind.} 59—27] NW. 35| 00| NW. 0.50 | 650, 3.4
Mar, 13, 1886._| Davenport, Town .| 30—15{— - .o looc|ooceeaeoomee el
Oct. 23, 1887..| Fort Custer, Mont.| 34—22| NE. 20| 500 NW. 0.42 | 600.....
Oct. 20, 1885_.| St. Louis, Mo.. __| 63—23| NW. 27 | 5501 NW. 0.40 {1,000 .___
Oct. 20, 1886._ North Platte, Nebr., 58—27] NW. 30 | 500/ NW. 0.30 1,000 _.._,
Oct, 24, 1887._] Valentine, Nebr_.| 32—28' NW. 25 11,000 NW. 0.45 I1,000... ..,
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TABLE VII,—FALLS o¥ TEMPERATURE AND PRESSURE AND TEMPERATURE : GRA~
©.. DIENTS ON THE DAY PRECEDING CoLD WAVES, 1880 1O 1890—Continued.

[ s
[
gl 2
= ~
‘ R
Date. Place. s o
(3 -l :
e
212, g
gz | 8
O oS 5]
| _EELE
| f
"Oct. 2,1888..] Moorhead, Minn..| 48, —26: NW.
Nov. 11, 1882..1 Denver, Colo. ... 44}—32 NW,
-Nov. 13,1882._; Shreveport, La_._| 68—32 NW.
Nov., 7,1883..1 Columbus, Ohio..] b5—21; NW.
Nov, 10, 1883--| Alpena, Mich._._| 45—1% NW,
Nov. 12, 1883..| Nashville, Tenn._| 63—29% NW.
Nov, 13, 1883..; Suvaunah, Ga.__.| 69'—26, NW,
Nov. 15, 1883 -, Lynchburgh, Va__ 49:—2:1;. NW.
i Boston, Mass_ .___ 54— } W
N,ov,'. 6, ]884{ Wilmington, N. C. 57!——20. NW.
Nov. 30, 1884. .| Dodge City, Kans. | 38(—11' NE.
Nov. 7,1885..! Lamar,Mo._...... G4-=20" NW,
‘Nov. 8, 1885..pColumbus, Ohio__| 63:i—27 NW.
Qct. 27, 1880..[ Toledo, Ohio_._.. 54i—161 NW,
'Oct. 30, 1881-.] Des Moines, Towa.| 55/—15, NW,
Oct. 14, 1882..! Touisville, Ky ...} 67—16 NW.
Oct. 14, 1883_.| 8t. Louis, Mo .___| 58—15 NW,
Oct. 926, 1854} Oswego, N. Y ____ 35)—13: NW,
Oct: 4, 1855__| Indianapolis, Tud_| 59 - -18 NW.
Oct. 14, 1886..] Kansas City, Mo._| 69'—16] NW.
‘Qet. 5, 1887.. Nushville, Tenun__| 56—120 NW.
Oct. 3, 1888 Chattauooga, Tenn| 62'—14] NW.
Oct. 2, 1889__i Cincinnati, Ohio..| 60—12) NW.
Nov.11, 1880__1 Cario, 111, . . __| 58—I16 NW.
Nov.13, 1831._; Cincinnati, Ohio._! 65—17| NW,
Nov.24, 1582__i Chicago, 11l .. .. L 39 —I8 NW.
Nov.16, 1883 __/___.do ... i 16— 5l NW.
Nov.11, 1884_.! Columbus, Olio __i 45-—12| NW.
Nov. 2, 1885._! Cincinnati, Ohio__j 49 —13 NW,
Nov. 4, 1886_.. Sandusky, Ohio ..} B3 —15 NW.
*Nov. 10, 1887._1 8t. Louis, Mo ..__| 52'—12| NW.
Nov.17, 188%_.! Washington City .| 50 —141 NW,
Nov.14, 1889_.! Indianapolis, Ind.| 50 —12! NW.
Dec. 17, 16880.." Albany, N. Y ... 36—17) NW.
Dec. 5, 1881__0 Montgomery, Ala.j 50—14 NW.
Dee, 3, 1882__! Cleveland, Ohio .| 40—17, NW,
Dee. 9, 1883 Columbus, Ohio _. 40—15 NW,
Dec. 6, 1884.. Shreveport, La .| 57—12 NW,
Dec. 26, 1885__; Pittsburgh, Pa __ ] 32—~11 NW.
Dec. 13, 16861 §t. Louis, Mo ____| 55—18 NW.
Dec, 13, 1887 Lynchburgh, Va._| 46—16" NW.
Dec. 7,1888.' __.do .o -iean ; 42 —18 NW.
Dec, 6,1889..' .. d0. - ooenunnl] 46 —14] NW-
Jan. 18, 1880_. Jadianapolis, Ind.i 55 —191 NW.
Jan. 6. 1880 Washington City .1 50 —12 NW,
Jan, 22, 1881.." Jort Smith, Ark._i 20—10; N.
Jun, 10, 1852 Washington City i 45—16) NW,
Jan, 12, 1883..: Augusta, Ga_ . ... 36—13] NW,

change in 500 miles.

20 |

28
50
2
22
27
23
22
22

20
34
22
18
22
202
20
15
25

224

20
20
20
20
24
22
24
23
24
20
15
16
21
20

\

l

y

7
I
?
|
I
[
|
i

|
I

|

|

|

20 |

17
23

perature gra-

dient.

i Extent of tem

l

Miles.;
500:
900
850|

900 K

900!
1,100!
1,100,

900!

450,

800!

5000

900

500"

5001

700

700!

500!

900i

600!

500,

£00;

600

5001

600!

500!

500,
800:

650, S

800,
300,
7501
500"
500!
500
500'
700’
650°
700’
GO0
600
TH0
800'
600!
500!
500!
GO0
500°

Pressure gradient in 3500

S|SW,
W,

-
w
b
S0
-
— O
s SZ| §
4] v
= gt
g el 8
NS —
o
&g 2
tagdi g
R
13 #
G

It
Inch. iMiI(zs.l

0.50 | 500;- ——
_____ | 200, cae.
0.50 | 500 ..-n
0.50 | 800;-.---
0.40 | 500 .---
0.65 ) 700, .—.c
0.65 11,3000 ...
0.45 11,0000 ...
0.55 ) 900} ...
0. 42 uoop-~__
0.45 | 700
0. 60 700 - --
0.44 | SOV
0. 40 50();.“-.
0. 30 OO L.
0.24 | 7001
0.50 | 300 .._.
0.45 | 900l ...
0.30] TO0] . < e
0.25 1,000 ..
0.40 13, 000/, ...
0.50 | 600, .-
0.62 | 400l ...
0. 58 GO ———
(. 60 500! (.-
0.72 1 40t]. .-
0. 24 15511 -
0.40 | 750[ .-
0.45 11,000 . ...
0.24 | 650l ...
0.40 |1, 000]. ...
0.24 {1, 3001 __...
0.37 | 800]...-.
0.30 | 500|...--
0.60 1 5Hool.._. .
0.35 11,100 ...
0.40 | 500|.....
0.30 | 700 ._..
0.45 | 800 ...
0.30 [1,100. ...
0.50 | ROOL .
0.50 | 5000.____
0.24 | 650 ___.
0.21 | 500....-
0.25 11,100 ...
0.45 {1,000 ...
0.42 [ 600. ...




" REPORT OF THE CHIEF SIGNAL OFFICER. ;.

125

"TARLE VIL.—FALLS 0 TEMPERATURE AND:PRESSURE AND TEMPERATURE GRA-
DIENTS ON THE DAY PrECEDING CoLD WAaVES, 1880 to 1890—Continued. ’

Date.

Place.

Jan. 15, 1884__
Jan. 3, 1885__
Jan. 11, 1887__
Jan, 6, 1888._.
Jan. 5, 1889..
Feh. 26, 1880
Feh, 17, 1881 __
Feb. 10, 1882_.
Feh. 20, 1883
Feb. 17,1884_.
Feb. 15, 1885...
Feb. 5,1886..
Feb. 22,1887__
Feb, 6,1888..
Feb. 9, 1889..
Mar. 28, 1880. .
Mar. 9,1881._
Mar. 11, 1882_.
Mar, 24, 1883
Mar. 1,1884..
Mar. 7,1885__
Mar. 17, 1886
Mar. 22, 1887__
Mar. 13, 1888__
Mar., 1,1889__

Washington City
Charlotte, N. C.
Washington City
Philadel phin, Pa
St. Louis, Mo -
Chicago, 111
Pittsburgh, Pa __
Nashville, Tenn ..
Chieago, 111
Shreveport, La . ..
Kansas City, No..
Charlotte, N. C__.
Fort Smith, Ark..
Chicago, T11
Memphis, Tenn ...
St. Louis, Mo...... -
Xeokuk, Iowa.___
New York City_..
Nashville, Tenn _.
St. Louis, Mo__.._
---.do
Lynchburgh, Va..
Columbus, Ohio. .
New York City._..
Palestine, Tex___.

g
=]
Q
=
-
L3
- -
g
PRI
3=
:_:3'—]5!
21
25 —13;
3812
40:—10,
sdl—15!
36116
56—18
3—19
he—12
19:—11
21—14
43—11
24/—18
46—12
61—19
34/—11
50—15
43—13
36,—17
4211
56'—17
33 —11
el
-

Temperatare gradient or-

change in 500 miles.

Extent of temperature gra-
dient.

Pressure gradient in 500

miles.

Distance apart of highest

: and lowest isobar.

| Extent of cold wave,

NW,
Nw.

|

Miles,
300
60N,
40t¢
500
7ooi
700,
600,
500!
GOO;
500;
500i
500,
5001
700
700,
650;
500)
4001
700,
500.
650
500
500,
600

500

NW.
NW.
SW.
NW,
NW.
NW,
SW,
SWw.,
W,
N.
W.
NWwW.,
NE.
W,
W.
Nw,
SW.
Ww.
W,
W,
N.
SW,
W.
W.
N.

0.
0.

0
0
0
0
0.
0
0
0
0

300

800
800
000
400
500
400
000
500

1
| e

In forming the means of greatest temperature falls, and the
ure and temperature gradients shown in Table VIII, the 60°

Many cases had to be omitted

50° to 60O° falls.

temperature gradients eou
the area of low tempera
Table VIII, whichisar
tent of temperature fulls depends clusel
There does not sorn

tion.

pressure gradients.
perature fall and gradients depend

corresponding mean press-
falls are included with the
in forming the means, as the pressure or:
1d not be determined with suflicient exactness, on account of
ture or high pressure extending beyond the region of observa. .
Gsumd of Table VII, shows that the magnitude and ex-
y on the maguitude of the temperature and
to heany discernible relation between the tems .
ent on the month in which the cold wave oceurs,
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TABLE VIII.—MEAN Tm.\tmnA'runE-FALLs,"l‘kMPEBAT(mE AND PRESSURE GRADI-
ENTS IN ‘“‘HiaHs” AND ‘' Lows’ PRECEDING CoLD WAVES.

|
No. of Extent Mean Mean 500- M(lmn 500-
cases in | 7 R mile mile tem-
Months— i the !oltl item;;:;;lture- pressure | perature
i mean, alk } ) gradient. | gradient.
! ! !

g i ! o Inches. °
............................ i 9 261! —33.6 0. 66 55
Nov.-Dee . oee o ... | 15 15.7 { —43.2 0.56 47
Jan ..o, e -. ! 21 15.6 | —43. 4 0. 53 48
Feb.-Mar ..o .o ... i 23 13.9 —42.2 0.5Y 46

[ [
Oct.-NOV - oo oo [ 12 8.1 | —32.9 0. 49 38
DeC.m cmmm oo e memam e | 12 } 14.0 —34.1 0. 61 43
J0 . e e \ 9 10.8 | —34.7 0. 63 51
Feboo o oL i 11 7.8 —33. 6 0. 53 : 43
MAT e e : 8 i 9.4, —32.3 0.67 43
OCt o e e l 11 3.7 —R4.4 0.49 35
NOV e e e e ! 11 3.8 —23.6 0.49 29
o2 S i 9| 3.0 —24.1 0.48 35
JON e | 10 3.4 —24.7 0. 48 36
Feb oo moioie e i 8 4.4 —22.9 0.37 34
Mar. e e e e 11 4.0 —24.1 0. 47 36
OCb s oeom oo oo ' ................... —l4,7 0.38 20
Nov. - _TZIIITIIIIITIIIT M — —13.4 0.45 19
DOC oo e ermee ' ........ fommmeame —15.2 0.41 21
3 TS SIS DU S —13.3 0.29 | . 25
) TR MO O —14.6 0. 38 30
Y P S |2l —14.8 0. 48 26
]

SUMMARY OF PRESSURE AND TEMPERATURE GRADIENTS AND MEAN TEMPERA-
TURE-FALLS.

c§;)‘.moif‘ Extent Mean Mean ]500- Mean 500-
N of |temperature- miie mwile tem-
the fall fall pressure | perature
mean, . ° gradient. | gradient.
9 26.1 ~—53.6 0. 66 - b5
59 15.1 —43.3 0. 56 47
52 10.0 ~—33.5 0. 59 44
60 3.7 —24.0 0.46 34
60 | oeooo.. —14.3 0.40 | - 23

Tt appears from an inspection of the maps that the extent of cold wave and magni-
tude of temperature fall are dependent on the extent of the high and low pressure and
the character of the temperature gradient. It may be possible to establish the numer-
ical relation between them from & consideration of special cases.

. An examination of the temperature-falls in & cold wave, us they are generalized by
Iines of 10°, 20°, and 30° fall, etc., on the maps, shows that graphically they may be
- taken as cones; not right coues, however. The maximum temperature-fall is the alti-
tude of the cone; the 10°, 20°, 30° etc., temperature-fall lines are sections of the cone
by planes. The section lines are tor the greater part elliptical in appearance, generally
quite regular, but in a fow casessomewhat irregular. Sometimes they are nearly circu-
lar; occasionally an area is triangular-shaped with rounded corners; sometimes they pre-
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N Soi]nt the appearance ot lang, nerrow,atrips of & crescent shape; occasionally they are egg-
‘shaped. ’ . . i :
* There is a certain degree of conformity in the shapes of the temperature-fall curves of
ibe same cold wave. All the temperature-fall carves pertaining to any particular cold
wave, each one inside the other, have the same shape approximately. A triangle, for
instance, will not be found inside of a circle or ellipse. The higher the order of -the
curve the more nearly does it approach regualarity of shape. Thatis to say, the 20° fall-
curve usually represents, some regular area more nearly than the 10° curve. The
30° curve, where there is one, represeuts the same figure more nearly than the 20°
curve, and o ou for the higher order of curves This tact has siguificance in some
cases. The curves of very great temperature-fail, however, may have a regular shape
without its having any special significance. When there is only a single station with a
tall greater than the even 20°, 30°, or 40° fall the draughtsman makes the curve indica-
ting this with a perfect regularity. )

Ocensionnlly these temperature-fall areas show wide deviations from regularity. They
are all in inct more or less irregular. The areas are for the greater part, however, satis- .
factorily representable by perfectly regular figures, whicl are for the most part ellipses,
Any temperature curve of 20° or greater fall in a cold wave is always representable with
some degree of approximation to accuracy hy a perfectly regular ellipse. It is meant
by this that if, instead of the outlines which do actunlly represent the temperature ‘.
falls, they were replaced by perfectly regular ellipses of proper dimensions they would .
then represent the actual falls of temperature, with errors in most cases of not more than
2° or 3°, and in some cases 5° or 6°. In only a very few cases would the errors be as
great as 10°, :

The following shows the accuracy with which the actual 20° temperature-fall area is
represented by the section lines of exact cones in various cases of cold wayes. Taking
the unit of extent of cold wawe as previously described, and taking the maximum fall of
temperature as its altitude, the arens given in third column in square miles were com-
puted. The actual areas observed are shown alongside of them.

Areas of 20° temperature-fall as observed and as compuled on supposition of ““extent? of fall .
being a cone.

|
Date. l Observed. | Computed. Date. Observed. | Computed.
Squaremiles.|\Squareniles. Square miles,'Square miles.

Oct. 16,1882....1 126,000 : = 115,000 [} Nov.27,1883___.| ~ 567,000 480, 000
Oct. 15,1883___.| 116,000 140,000 || Nov. 5,1884.._. 26,000 j--onmee o
Oct.” 8,1884___. 170,000 230,000 || Nov. 6,1884.__. 27,000 jove e e :
Oct. 22,1884 .__. 48,000 |- ... Nov.23,1884....] 631,000 680, 000
Oct. 15, 1886 63,000 |..___._. . .| Nov.24,1884.__.1 682,000 780, 000
Oct. 4,1882._.. 26, 000 45,000 || Nov. 7,1885.... 70, 000 85, 000
Oct. 20, 1885 .- |ccoamee o e ceeieceee.. || Nov. 8,1885_._. 62, 000 50, 000
Oct. 20,1886.__- 96, 000 85,000 || Nov.13,1885....| 460, 000 530, 000
Oct. 19,1888___.| 111,000 |._____._.__ Nov.13,1886_.....| 155,000 90, 600
Oct. 16,1886....- 279,000 |- oooeo-. Nov.23,1886....! 456,000 480, 000
Oct., 9, 1887__.. 27,000 |acenaaa- Nov. 18,1886.._. 450, 000 390, 000
Oct. 11,1887 o |ccmamm e e Nov.26,1886_.._| 302,000 286, 000
Oct, 23,1887_... 140,000 30,000 || Nov.20,1887.__.1 203,000 230, 000
Oct. 24,1887._.. 287, Y00 270, 000 || Nov. 23,1887 ... 178, 000 160, 000
Oct. 2,1888..__| 174,000 | __ .. ._. Nov.27,1887___.} 891,000 980, 000.
Nov. 7,1880....| 282,000 270,000 || Nov. 28,1887_._; 806, 000 740, 000
Nov.19,1881_... 509, 000 510,000 || Nov. 9,1888....1 176,000 60, 000’
Nov.20,1881._..| 271,000 305,000 || Nov,12,1889.__. 205,000 |-« c-e- ..o
Nov.11,1882....| 263,000 335,000 || Nov.28,1889....] 120,000 130, 000
Nov.12,1882....; 388,000 565,000 || Dec. 9,1880_...; 103,000 90, 000
Nov.13,1882 ___| 482,000 460, 000 || Dec.21, 1881__.._ 30, 000 10, 000
Nov.14,1882....| 335,000 330,000 || Dec.27,1883_...1 461,000 440, 000
Nov. 6,1883.__.§ 350,000 300, 000 || Dec.13,1884___. 51,000 | 50,000
Nov. 7,1883_._..§ 155,000 | .. _._.__- Dec. 31, 1884 ...y 391,000 440,000
Nov.12,1883____| 288, 000 280, 000 || Dec. 5,1885_._.} 864,000 810, 000 -
Nov.13,1883.._.| 320,000 220, 000 || Dec. 20, 1887___.1 761,000 640, 000
Nov. 15,1883___- 67,000 35,000 || Dec.21,1887_...] 338,000 440, 000
Nov.26,1883__..1 830,000 | oo e . il Dec.28,1887_...1 564, 000 530, 000
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Arecas of 20° temperature-fall us observed and as computed on supposition of * extent” of faﬂ»
being a conc—Continued.

J—

' ! |
Date. Observed. | Computed. h’ Date. Observed. | Computed.
!
Square miles, |Square miles, “ Square miles.|Square miles..
Dec. 29, 1887 ... 830, 000 610,000 1 Feb. 17,1883 .__.| 1, 063, 0G0 990,000
Dec. 25, 1888 .- .. 80, 000 140,000 |i Feb.25, 1883.__.| 189, 000 110, VU0
Dec. 11, 1889 .| 334,000 230,000 || Feb. 6,1884_.__{ 208,000 |.o .o -
Dec. 25, 1889 ... 258, 000 210, 000 | Feb. 20, 1884 ____ 895, 46O 840, 000
Dec'29, 1889____| 566, 000 750, 000 Il Feb. 8, 1885 ___| 244,000 40, 900
Dec. 30,1889 _.__ 749, 000 750,000 | Ieb, 10, 1885___, 960, 000 880, (GO
Jan. 12, 1880 .. __ 813, 000 750, 000 i Feb. 11, 1885___. 787, 000 800, VU0
»Jan. 15,1881 ... 848, 000 700, 000 | I°eb. 16,1885 ___| = 155,000 270. 000
Jan. 14,1882 ... 134, 000 210,000 | Feb. 10, 1836____ 132,000 [eaceun -
+Jan. 17,1882 __.| 1,201,600 | 1,350,000 i Feb.16, 1886..__| 201, 000 260, 000
Janp. 14, 1883 ._. . 554,000 640,000 1| Feb. 26, 1886____ 606,000 640, 00U
Jan. 18, 1883 ___[ 324,000 140,000 | Feb, 1,1887.__.| 215,000 170, 000
Jan. 19, 183 .. 322,000 200,000 Y Feb. 4,1887____ 336, 000 485, 000
Janu. 20, 1883 . _. 385, 000 © 440,000 i JFeb. 9, 1887____ 426, 000 390, 000
Jan. 6, 1884.__.; 220,000 00,000 )| Feb. 11, 1887____| 543, 000 610, 000
Jan. 19, 1884 .| 703,000 750,000 || Feh.12,1887__ | 1, 015,00¢ 970, 000
Jan, 1, 18%3.___j 1,060,000 | 1,060,000 ;; Feb.19, 1887____ 140, 000 90, 00V
Jan, 17, 1835___.; 415,000 440,000 || Feb. 25, 1887 ____ 446, 000 {. ceen oo
Jan. 18, 1885_.__| 487,000 570,000 || Feb. 15,1888 _._| 912,000 | 883,000
Jan. 256, 1885 ____ 319, L0 270,000 | Teb, 16, 1858____ 440, 00y | 370, 000
~Jau., 9,1836..... 397,000 390, 000 || IFeb. 20, 1888 ___ 280, 000 260, 000
Jan.17,1837._..]  621; 000 5330, 000 ;,‘ Feb. 26,188<____| 260, 000 355, 00U
Jan. 18,1887 ..._ 660, 000 750, 000 | Feb., 6,1889____ 356, 000 410,000 - .
Jan. 21, 1887____| 239, 000 330,000 || Teb. 17,1889 ___i 372,000 380, 000
Jan. 24, 1887.___| * 369, 000 20,000 || Feb. 23,1889 634, 000 770, 000
Jan. 30, 1837 __. 474, 000 485,000 || Mar. 4,1881____ 132, 000 136, 000
Jap. 1,1888____| 422, 000 530,000 || Mar.10,1882____| 41,000 |_ ... e
Jan., 8 1888__.. 525, 000 600, ¢00 |} Mar. 21,1882____ 490, 000 420, 000
Jan. 15, 1888 ___| 513,000 580, 000 | Mar. 19,1883 ___ 848, 000 830, 000
Jan, 20, 1888 __. 235,000 265,000 U Mar. 12,1484 ____1 468,000 420, 000
Jan., 9,1889._.. 269, 000 190,000 || Mar.17,1885____1 216,000 |._ .. _.__.-
Jan, 17, 1889__.. 551, 000 540,000 [ Mar. 10,1886____| 41,000 1. oo ..
Feh. 14, 1880__..| 220,000 160,000 || Mar.21,1886____; 144,000 145, 000
Feb. 28,1880._._; 299,000 350, 000 || Mar. 3,1887____ 219, 000 195, 000
Feb. 29,1880 .___| 506, 000 440,000 Il Mar. 14,1887____1 227, 000 230, 000
Feb. 13,1881 __..[ 163,000 275,000 1| Mar. 3,1888.._.1 478 000 480, 000
. TFebh. 21,1882 .. .0 272,000 250, 006 || Mar.20,1888__._| 283, 000 390, 000
Feb, '4, 1883_._. 337, 000 355, VL0 '| Mar. 16,1889 .__. 42, 060 40, 000
1

The place of greatest temperature fall is usually about half way between the north-
western and southeastern houndary of the 10° tewperature-full area when theisotherms
are at nearly equal distances apart. In some cases, which depend on the isobars being

.~ more crowded towards the southeast than in the northwest, the greatest fall is nearer to
the southenstern side of the 10° temperature-full area. In this Jatter case it is usnally
one-third of the distance across the 10° tall area from its southeastern houndary.

In case a bigh area of pressure is to the southwest of a low area, and the high is relatively
much more intense than the low, that is, greater pressure and temperature gradients
within it, the place of .greatest temperature-fall is apt to be to the south of the center of
the 10° temperature fall area.  In this case alsothere is apt to be a long stretch of nearly
upiform great temperature fall, so it is not possible to locate the maximum fall of tem-

- perature accurately, noris it importantin this case.

* .In devising a plan for forecasting cold waves it has been borne in mind that to he of
any value it must beof great simplicity and susceptible of easy and ready application
in any particular case. The time available, after the weather map is drawn, for any
computations pertaining to the oceurrence of cold waves is somewhat limited in the
practical work of forecasting. A method to be of practical use should not require more
than half an hour for working out in all its details. This limit of time has been con-
stantly kept in mind in cousidering a method, Theoroetical treatmout of this question - .
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would require some knowledpe of the gradient of temperature upward in the air. 'This
18 only known for tho average irom balloon ascents and not for all special cases. 1t would
therefore bo necessary to make some assumption on this point. This being the case, an
€npirical treatment may just as well be adopted from the start.

" A physico-mathematical treatment, even if it were possible, would certainly involve
8uch extensive work that it would take a very long time to make the computations. In
the mean time the cold wave would have passed.

The following is the plan that has been devised for forecasting cold waves.

First,—-The magnitude or ‘‘extent ”’ of a cold wave that is to follow any specinl map
or ensemble of isobars and isotherms, ns they arice on the weather maps from day to
day, is-to be determined from the extent of the high and low arens of pressure, and the
character of the isotherms, whether close together or fur apart. Numerical expressions
will be sought for this relation by the discussion of particularcases ot'cold wave that have
oceurred in the past. ‘This magnitude or **extent?’’ will be a number which expresses
the cubic contents of a cone in which the altitude is expressed in tens of degrees and
the base in hundred-thousands of squarse miles as units.

Seeond.~A method will be derived for determining wlhat the maximum fall of tem-
pevature in the cold wave is to be. This is dependent on the magnitude of the pressare
and temperature gradionts from the center of the area of low pressnre towards the
north, northwest, or west. There are three characteristic regions in the vicinity where a
cold wave is about to occur which limit very generally the place ol greatest temperature.
fall, These are the center of low area of pressure, the convexities of the highest iso-
therms, and the region of greatest density of isothermsor greatest tetuperature gradient.
The place of greatest temperature fill, where a cold wave is about to oveur, isvery usu- -
ally in or near one of these regions. It can be located somewhere within an area of
50,000 square miles in most cases. The greater the cold wave the more definitely it can
he located.

Thoe greatest temperature fall expressed, in 10° as the unit, is the altitude of the cone of
cold-wave ‘‘ cxtent, ) .

Third.—In any prospective cold wave, theextent of cold-wave or cubic contents of the
cone being known, and its altitude, which isthe maximum tull in temperature, the areas

_of the 10° and 20° temperature. tull lines can be determined from suitably prepared tables
for that purpose. :

Fourth.,—The various shapes the 20° temperature-fall areas take with different types
of low and high areas of pressure will be determined. The shape of the area will be
taken as exactly elliptical and the relation between its major and minor axis will be
determined. .

Irifth.—The position of' the 20° temperature-fall area will be determined. The cen-
ter or place of greatest full will be approxiinately known. A point of taugency to the

. 20° fall curve of the proceding day, or where this does not oceur, a characteristic qver-
lapping of the 10° fall carves, or some other means will be devised which will deter-
mine the position of the urea. k

Tho numnber of square miles and the lengths of the axis of the 20° temperature-fall

. area being known, a previously prepared picce of card-hoard of tho shupe and proper
Hize, according to the scale of the wmap, will be Jaid on the map and the 20° tem-
perature-fall line drawn around it. The center of the arca will be the place of max-
imum fall, When there are temperature-full curves of’ 30°, 40°, ete,, these will be
drawn in by estimution from the position of the 20° full and the center.  The prospect-
ive temperature falls at the various stations covered by the arcas can then be estimated,
with the aid of the lines, and the isotherms drawn through the aren covered by the iall,
A slight adjustinent will be possible at this stage of’ the proceeding.  The isotherms in
the area whers o cold wave i3 prevailing always have o certuin smoothness and definite-*
Dess ol sweep eusily recognizable; their concavities are always turned to the northwest.
It the computed temperatures make the isotherms run irregularly, a sort of an average
Position can be sclected with a smooth sweep to the lines.  With these adjusted iso-
therms the 200, etc., temperature-fall curves can awain be constracted and then will
have a mors realistic shape corresponding to the shapes that actually occur.

FIRST.—EXTENT O COLD WAVE.

For the purpose of determining the relation hetween the extent of cold waveand the
extent of area of low and high pressure preceding it, 127 cases ol cold wuves were taken
from the whole number, 621, that have occurred in ten years, These weroselected so as to
include the greatest possible variety in the extent of the various cold waves. the great-
est and least low and high areas of pressure concerned in their production, and the great-
est diversity in the relative positions of the high and low areas, und widest variety in
the churacter of isotherms passing through the areas. A numborof cases were included

11945 s16- 9
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in'this discussion where the 10° temperature-fall areas were large, but which can-nof.
however, really be classed as cold waves because the fall of temperature was not sufli:-
ciently great or the temperaturedid not go low enough, K

In these 127 cases the areas between successive isobars were measured with \a plabi.
meter. The areas between the successive jsotherms were also measured covering th®
same extent ot country as the areas of high and low pressure. ’ )

The areas inclosed by the 20°, 30°, etc., temperature-fall Jines were measured as had
been previously described. These are given in Table I.  As the investigation proceed
it became manifest that the amount of temperatare fall between the 10° and 20° full
curves was too great to be neglected. Accordingly the areas inclosed by the 10° fal
curves for the 127 cases under considcration were measured. These are given in Table
XIV. These areas are in many cases more or less inaccurate on account of their pro*
Jection into regions where there are no ohservations. The curves in such cases, beforé
measurement could be made, had to be completed by estimation.

It would have been advisable to have included also in the measurements the aress
between the 10° temperature-fall line and the zero-change line if it could have beed
done with any tolerable degree of accuracy. But this it was not possible to do 08
account of the want of definition of the zero-change line in most cases.

These measurements for the various cases of cold waves are given in Table IX, Col°
umn 1 gives the date of the lower temperature; column 2 gives the extent of high press
ure, the unit of extent being an excess of one inch of pressure over an area of 100,00
square miles; column 3 gives the area in square miles ahove a certain isobar, covere
by the high; column 4 gives the extent of low pressure, s deficiency of oneinch of press-
ure over an area of 100,000 square miles being taken as unity; column 5 gives the
area in square miles covered by the low pressure below a certain isobar, which is al80
-given in the same column; column G gives the greatest fall of temperature; column
gives the position of center of high area of pressure from the center of low pressure, the
letter “L.”" indicating a low alone without any accompanying high ares; column 8 gives
-the mean temperature of the area covered by the area of high and low pressure; colum?
9 gives the excess of temperature throughout the low ahove the mean temperature, 88
excess of 10° over an area of 100,000 square miles being considered as unity; column 10 :
gives a certain function of the areas between the isothermal lines, corresponding to the
density or sparseness of the isothermal lines; column 11 gives the difference betwee?
highest and lowest isohars, and the least distance between them in miles, on the daté
preceding the cold wave; coluinn 12 gives the highest temperature in the vicinity of the
"low area of pressure and the lowest temperature in high area, and their distance aps
in miles, on the day preceding the cold wave; column 13 contains the magnitude or eX”
tent of fal! in the cold wave, the unit being a fall of 10° over a area of 100,000 aquar® -
miles; it includes allowance for the fall between the 20° and the 10° temperature-

lines,



TABLE IX.—MEASURED EXTENTS OF “ HIGHS ' AND “LoWs” PRECEDING CoLD WAvES. —EXTENT OF COLD WAVE, —MEAN TEMPERATURE IN
- . . HIiGH AXD LoOw AREs, ETC.

1 2 3 1 } 5 e | 2 s ) i w 11 i 12 13
R —— —_—t S S PR B S P T S . .

| % ) T E3 £ L2 i & ’ Difference ]
£ 2 D e R I e '2; 29 l £ | of highestand ! Highest and i 8

| s 5 Area ?t }1)‘;1;“ below FE L E [§Z [E= | = |lowest pressure lowest~ temperature .

Date of cold | e - sobar. T s lsg (2% |3 o | 5| aoddistance ' and distance apart. | S &

wave. ¢ =2 S | led i zg=2 5% |32 .1 £8 apart. - 8-

SR - A O | 5-F 1 1S S . ol SR R Y
- z g 3 i ] £81%88 253822 2 | Differ- Distance Low- iDistance! High-| 2
i = 4 éls‘)b‘"'; Area. ! s = E7 1 F | evce. | apart. | est. | apart. | est. | 73

i 1 i i :

: i S miles, ! : Sg. miles. 1 ° i ° ° l . ° Miles. ° )
Oct. 16,1882 ;. _.___ bl 1.10 + 29.9 934,000 . —27 - NW, . 44 L6 48 . i 30, 450 £2 9.7
Oct. 15,1883 7 ____ e 0TY 30,0 709,000 —29 1 SW. [ 421 31°' 68, 0.5 600 ;40| 290 710 107
Oct. 8 1884__: 1.36 ., 755,000 ' 0.14 30.0 410,000 * —30 ' XW. | 43 7.0 182 0.3 400 20 | 720 63 14.4
Oct. 22, 1884__] 0.78 ' 1,037,000 © 0.30 30.1 521,000 ¢ —23° NW. i 42 33 39 ! 0.3 350 30 I 420 63 4.6
Oct. 4,1835__} 1,94 620,006 . 1.98 20.8 1 1,205,000 1 --23  NW, | 43 4.6; 7.0 0.8 900 30 : 920 65 12.9
Oct. 20,1585..] 1.50 1 875,000 | 1.38 30.0 ; 1,0i0,000 | —23 N, @ 39 34 B4 0.8 1,000 30 : 540 63 7.4
Oct. 20, 1886 _{__. ___.l._._______. : 1.93 29.9 1 1,333,000 ; —27 © NW, oo 44 501 5.6 0.6 1,000 30 : 530 581 6.8~
Oct. 9,1887__] G.90 615,000 ! 1.93 30.0 942,000 | —20 - N. . 47 RO . 1.6 0.5 450 40 ! 340 66| " 4.6
Oct. 12,1887__! 595 | 1,831,000 '______ 30.0 L. —20 SW. | 42 O 4 L [ 62 14.6
Oct. 23,1887 1. . oo L6 3000 1118000 —22 ..l oae| 66 ... T T TTTTT T TITII 31| ‘80
Oct. 24, 1887._1 2.36 754,000 ; 0.98 29.9 726,000 —23 1 NW. 31 6.7 1 10.1 . 0.9 1,000 10 1,000 32 20.8
Oct. 2,1883__} 0.66 385,000 : 3.21 29.9 ; 1,358,000 ; —26 : NW, 45 3.4 45 . 0.8 800 40 300 48 17.8
Oct. 19, 1838_.| 1.27 462,000 | 0.43 29.9 562,000 : —22  NW. . 41 3.0 T 0.8 700 30 750 68 9.3
Oct. 16,1886__| 4.61 | 1,466,009 | 1.99 30.0 710,000 : —26 ' SW. | 46 11.0 o S R, 63 21.0
Nov. 7,1880__| 0.59 855,000 | 0.94 30.0 779,000 i —31 ;. SW. 44 82 17.3! 0.5 530 20 | 850 67 14.0

. Nov.19,1881__| 4.32 | 1,740,000 ; 1.92 30.0 I 969,000 . —42 . NW, 321 29.0: 96.1 | 0.7 1,050 1 —10 ; 1,000 70 20.1
Nov.20,1881__| 7.08 | 1,802,000 | 0.42 30.0 415.000 : —38 : SW. 31| 2.0} 4L.7: ° 0.7 850 | —10 1,150 66 16.8
Nov.12,1882__]| 1.08 488,000 | 1.26 30.0 976,000 | —46 | W, 361 13.0 1 3474 0.7 1,050 ©0 960 70 23.5
Nov. 13,1852__; 2,22 | 1,006,000 |...___ 300 fooee.o_.]—32: SW. | 24-86"! 235 i 0.5 500 | —10 880 68 21,1
Nov.14,1882__| 2.49| 938000 |- | 300 | __.__ | —33| sw. | 32| 54| 101 06! 80| o| 80| 64 171
Nov.24,1882__ 2.36 988,000 | 0.50 30.0 452,000 | —18 | SW, 28 56| 6.1 0.6 500 10 660 39 6.0
Nov. 6,1883__| 0.65 387,000 | 1.69 30.0° 892,000 | —29 ;| NW.~ 41 85| 17.7 | 0.5 450 20 660 | 65 19.6
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TABLE IX.~—~MEASURED EXTENTS OF “HigHS" AND “Lows” PRECEDING COLD WaAvVEs, ETC.—Continued.

(45§

1 T 3 4 3 (] k4 8 o 10 11 12 13
- — - B . N— -

2 5 ek 2z 4@ : Difference =

2 °c. 18 |28 |23 g : . 3

= 3 . © | 5= 2T =8 3 of highest and Highest and 3
8= :___: . E Area (;50]1?; below :55 -: E EE 3 = lowest pressure | lowest temperature .
Date of cold b _;_Lg: - : Te | e& g‘: A - and distance afd distance apart. S
wave, S 29 e 3 & <‘§§’5 2 i€k g £3 apart, |,

] e g =8 |389 5723, 2 ! ]

3 g % leobar| Aves | SS|E2E 523328 | Diflr- | pistance Low- Dist:\rt)cel High-, £

] 2 ] . - 1) & i 3 2 euce. | apart. | est. | apart. | est. |

| i .
! Sg. miles, | Sq. miles. ° ° ° ° Miles. °
Nov. 7,1883._| 2.79 ll 1,094,000 | 0.20 1 30.0 148,000 | —21 SW. 40 6.7 8.7 0.8 800 20 9500 55 10,
Nov. 10, 1883._] 0.17 i 395,000 | 1.06 | 299 647,000 | —12 SW. 38 5.9 6.1 0.4 500 20 900 45 1.
Nov. 12, 1883-.| 3.51 | 1,202,000 .. ___ | 30,0, .l —29 | NW. 35 7.5 117 0.9 700 0| 1,100 63! 20,
Nov.13,1883._| 5.17 | 1,285,000 .____.i 30.0 jmmme e —26 S, 44 . 106 | 12.3 1.7 1,300 20 990 69 | 19,
Nov.15,1883._| 2.37 | 889,000 ._.____! 30.0 |....._..___ —23| SW. | 28| 60| 4.3 09 1,000 10| 80| 49 7.
Nov. 26, 1883_ | ____. 269,000 : 309 i 30.0 § 1,449,000 | —52 L. 7 1 18.0 | 40.0 0.4 400 ;| —20 1,050 | 33 30.
Nov.27,1883._| 2.15 ] 847,000 1.91 } 30.0 939,000 | —30 Sw. 25| 16.2 | 37.6 0.9 800 . —30 1,300 : 63 23.
Nov. 5,1884__| 2.06 ; 981,000 , 0.29 i 301 294,000 | —21 NW. 42 6.7 | 16.0 0.6 800 20 900 58 11.
Nov, 6,1881__| 4.00] 1,350,000 '-._.__i_.____\.______ __t_o1| __ . 35 BRI 1.0 900 | 30 350 54 6.
Nov.23,1824__| 1.79 731,000 | 1.05 30.0 | 829,000 | —40 N. 30, 13.4 | 317 0.6 600 | 0 660 52 26.
Nov. 24, 1884__| 1.50 644,000 + 2.55 30.0 ; 1,049,000 ; —44 | NW, 32 | 18.0 | 49.6 1.0 600 ! —20 960 56 31,
Nov. 30, 1831} 1.58 672,000 | 0.16 30.0 252,000 | —11 NWw. 28 3.7 +.4 0.5 600 ° 10 €00 33 5.
Nov. 7,18R5__| 0.54 400,000 | 3.94 29.9 1 1,625,000 | —29 SW. 43 | 10.3 | 11.7 0.6 700 | 30 480 64 6.
Nov. 8,1885..| i.14 477,000 | 2.08 30.0 | 1,174,000 | —23 SW. 43 : 11.7 | 15.7 0.8 700 | 20 900 | . 63 12,
Nov. 13, 1835_f 2.72 378,000 | 0.79 29.9 473,000 ; —34 SW, 36 87! 21.3 0.9 900 ;10 660 63 27.
Nov. 13, 1836__| 1.32 | 1,697,000 : (.69 30.0 383,000 1 —28 1 NW, 301 12.4 . 17.0 0.6 500 , 10 950 60 6.
Nov. 23, 1386._| 0.74 422,000 ; 6.37 30.0 ; 1,776,000 ; —41 N. 31| 23.8 55.6 0.8 500 | 0 700 .61 22,
Nov. 13, 1886._| 2.61 980,000 . 2.36 :  30.0 997,000 | —39 | SW. 25 182 39.5 1.1 700 ! 0 630 74 16.
Nov. 26, 1836._| 0.22 264,000 - 0.57 ' 3.0 5.8,000 | —33 | NW, 4, 61 126 0.6 700 | G 1,220 G8 13.
Nov. 20, 1887__{ 0.65 445,000 | 3.97 30.0 1 1,011,000 | —30 | NW, 26 i 7.5, 14.6 1.0 650 0 800 46 13.
Nov.23,1837__| 0.82 444,000 | 1.85 30.¢ 865,000 | —28 N. 29 ' 9.8 ; 17.5 0.6 650 . 0 900 28 12,
Nov. 27,1887__| 6.00 | 1,484,000 | 0.99 30.0 780,000 | —42 N. 20, 22,4 62.7 1.1 1,000 | —30 1,070 32 36
Nov.28,1887_| 3.96 | 1,218,000 | 0.60 | 30.0 421,000 | —58 | SW. 21 ; 19.2 | 74,9 0.3 600~ —30 930\ 63! ‘312
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Nov. 9,1888..[ 4.66 { 1,497,000 [ 220 | 30.0 1,001,000 | —24 | NW. - 1 [ 17.7 7.8
Nov. 12, 1889__[ 2.04 [ 735,000 / 2127 300 964000 | —18| N. 38! 190/ 127 . ool o] 7ol 410! 142
Nov. 28,1839 0.77 | 559.000 [ 1.67 | 30.3| 862000 | —24 | SW. 32| 87/ 153 0.7 600 | —10 | 1,200 G&i 19.7
Dec. 9,1880..| 3.05 | 1,092,000 | 0.41 { 30,0 | 1,092,000 | —25 | SW. 111 92/ 211 0.7 500 —20: 1,000 36| 9.8
Dec. 21,1881—| 348 | 1,357,000 | 1.25 [ 30.3 | '732,000 | —22 | NW. 34| 14.2 | 189 0.6 450 | 20 600 54| 5.8
Dec. 27,1883_| 0.29 | 190,000 | 2.54 | 30.0 | 857.000 | —45 | NW. 19 | 1.2 | 364 0.6 600 | —30 530 37] 19.4 .
Dec. 13,1884..1 4.79 | 1,695,000 | 0.06 | 30.0 52,000 | —26 | NW. 27| 13.8 | 19.3 0.6 00| 10 830 64! 61
Dec. 31,1884__| 3.55 | 1,233,000 | 0.83 | 30.1| 952,000 | —41 | NW. 16 | 29.6 | 91.7 0.9 1,300 | —30 850 | 64| 207
Dec. 5,1885..| 3.40 | 1,049,000 | 3.77 | 30.0 | 1,116,000 | —35 | NW. 35| 10.8 | 18,7 1.2 700 F 10 700 | 50! 34.8
Dec. 13,1886..| 2.94 | 1,120,000 | 0.63 | 30.0 | '677.000 | —18 | SW. 31| 73| 61 0.7 800 | ____J___.___. 55| 27
Dec. 20, 1887_.1 2.34 | 939,000 | 2.42 | 30.0 | 1,471,000 | —48 | SW. 2 | 18.3135.4) 08 600 | —20 750 | 30! 97.8
Dec. 21,1887t 7.81 | 1,743,000 | 1.32 | 80.0 | 1.743.000 | —42 | NW. 19 | 20.2 | 82.2 1.2 930 | —10 440 | 42! 212
Dec. 28,1887__| 1.19 | 587,000 | 3.26 | 30.0 | 1,364.000 | —42 | N. 13§ 18.1] 33.9 0.5 450 | —20 | 1,000 327 213
Dec, 29,1887__| 6.38 | 1,476,000 | 1.84 | 30.0 | 661.000 | —32 | NW. 10} 227! 51.8 1.1 600 | —30; 1,350 | 60! 267
Dec. 25,1888 1.00 | 600,000 | 1.55 | 30.0 | 1,142,000 | —32 | N. 30} 15.0 | 383 0.5 500 0 80| 521 95
Dec. 11,1889__| 0.89 | 825,000 | 1.19 | 30.0 | 946,000 | —26 | SW. 38| 12.8 | 24.0 0.4 100 0 900 | 62| 181
Dec. 25,1889..) 0.84 | 687,000 | 0.72 | 30.0 | 1,361,000 | —34 | NW. 29| 11.8 | 282 0.6 400 | —10 900 60! 84
Dec. 29,1889_ | .. ..o |oeeo .. 380, 30.0 2,399,000 —44 | L. | 38! 123 200 0.7 800 | 10 780 | 24 281
Dec. 30,1889..1 4.22 | 1,276,000 | 2.84 | 30.0 | 1,053,000 ' —44 | NW. | 85! 937 | 93 1.2 600 | —20 620 | 60| 31.8
Jan. 12,1880 | ____t.___ 1 __|._ . N D—a1 | .. {97 219 ___. 0.9 650 | —20 800 | 51 !.____.
Jan, 21,1880__|____ 1T _ DT 1781 30.01 1,219,000 | —21 | NW. | 33| 90 238 0.5 600, 20 1,150| 58| 3.1
Jan. 15,1881 214 | 907,000 | 1.41 | 30.0 | 671,000 | —45 & SW. 20| 16.7 | 44.8 0.8 1,100, —20, 790 | 37| 2.7
Jan. 14,1882..| 2,50 | 1,313,000 | 0.84 | 30.0 | 744000 | —35 | NW. 191 12.4 | 26.2 0.6 450 | —10 350 | 35, 12.1
Jan. 17, 1882_.] 3.92 | 1,220,000 | 6,00 | 30.0 1 _____ ____ —44 | XW 21 | 20.5 | 62.4 0.6 450 | —20 | 1,050 | 60| 59.9
Jan. 14,1883 | 1.52 | 775,000 1 1.95 | 30.0 | 807,000 | —34 | NwW 22 | 13.0 | 34.3 1.2 700 | —10 | 1,000 | 60 31.4
Jan. 18, 1833__| 1.87 | 1,003,000 | 0.48 | 30.0 | 482000 | —23 | Nw 18| 12.6 | 24.5 0.7 800 | —20 800 28! 288
Jan. 19,1833 3.62 | 1,257,000 | 0.60 | 30.0 | 807,000 —38|{ N. |— 3| 146 927 |ooee.. ) —30 620 | 22| 12.5
Jan. 20, 1883__10.39 | 2,275.000 | 0.05 | 30.0 82,000 | —45 | NW. . 4/ 302/ 69.8 0.8 700 | —301{ 1,250 | 67: 17.2
Jan, 6,1884..{11.02 | 2,243.000 \_____| _____ . ___ =321 NW. | 2| 182 570 0.8 800 1 —30 | 1,100 | 40! 10.4
Jan. 19, 1834-_] 1.63 | 635,000 ;... I eeeeeoo —4F ] NW. 1 16| 5.3 18 0.7 650 | —20 430 | 37 3L1
Jan. 11385 . 544 | 1,836,000 | 3.04 | 30.1 | 1,116,000 | —43 | NW. 11| 29.6 | 68.8 1.3 800 —10 | 1,300 | 48 436
Jan. 17,1885__| 4.63 1 1,561,000 | 0.39 | 30.0 | 469,000 | —45'| NW. 14| 26.8| 68.2 0.6 550 1 —30| 1,220 | 68| 18.8
Jan. 18, 1885__1 5.75 1,211,000 | 436 | 30.0 | 1,145.600 | —45 | NW. 101206 427 15| 1,400 | —30! 1320 | 70| 263
Jan. 25,18%5. | 0.66 ) 492,000 | 2.02 | 30.0 | 1,064,000 | —31 | NW. 14 | 10.9 | 22.1 0.5 500 | —20 730 | 31| 14.4
Jan. 9,1886..1 4.82| 1,288,000 | 1.48 | 30.0| 665000 | —39 ! NW. 41203/ 368 0.8 500 | —30 | 1,100 47| 16.4
Jan. 17,1887_ 0.33 | 238,000 | 2.45 | 30.0 | 1,349,000 | —42 |- NW. 25 | 12.0 | 36.2 0.7 900 —30| 1,050 | 63| 23.4-
Jan. 18, 1887__| 7.17 | 1,667,000 | 2.96 | 30.0 | 1,006,000 | —40 | NW. 18 | 22,7 | 66.4 1.3 900 | —30 | 1,300 | 58| 342
Jan. 21,1887 |.___.|. 1 . 614 { 20.9| 1,296,000 | —40 | L. 2 | 16.6 | 30.0 0.7 600 | —10 540 | 37! 16/4
Jan. 24,1887_.| 1.76 | 1,000,000 | 1.65 | 30.0 | 1,976,000 | —29 | SW. 30! 19.3 | 45.8 0.7 950 | —20 | 1,000! 63! 181
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TABLE IX.—MEASURED EXTENTS OF “‘HIGHS” AND “LOWS”'I_’BECEDING CoLp WAVEs, ETc.—Continued.

3

12 -

4 3 6 ] i1 13
2 s |49z |BE |so | Difference =
: ° RECE so |3> 2| . . 3
fgo 2 £ | Area of low below ~ 2 ;5-—8' ‘é; 32 3 -of highest and Highest and _ 8
a S 4 ° isobar. RS- $g8 |8 lowest pressure | lowest temperature .
Date of cold | « d o , g | °8 |&% |= & and distance | and distance apart. | 5 3
wave. ° bl ° 28| gou |BF (B0 .| ES apart. 2
g 8®F |3 52282 35425815 | T |5
;E § ‘3 Isob | N ge FEEREERE: E 2 Differ- ‘Distance; Low- |Distance| High- § )
) < = 180 ar.i rea. |5 = = s } K ence. | apart. | est. | apart. | est. | o
: [
Sq. miles. ! Sg. miles. ° ° ° | ° Miles. °
Jan, 30, 1887_.; 0. 84,000 : 2.07 30.0 905,000 | —42 10 9.5 0.8 : 700 ;| —10 600 30 | 18
Jan. 1,1888._| 0. 634,000 ;| 3.88 30.0 | 1,338,000 | —40 19 18.2 0.8 ] 650 1 —10 1,100 64 26,
Jan. 8, 1888..] 5, 1,616,000 . 1.54 | 30.0 | 1'006,c00 | —18 13| 29.4 0.6; 700 —30| 1,000| e8! o7
Jan. 15 1888._| 8. 1,691,000 | 0.44 30.0 360,000 | —44 — 2! 250 ; 0.5 | 650 | —40 1,100 48 23.
Jan, 20, 1883_ | 2. 1,125,000 ; 0.33 | 30.0 | 487.000 | —42 ! —11; 114 0.4 .. —40| 1400 3t| I3
Jan. 9, 1889 1.49 751,000 . 2.94 30.0 | 1,259,000 i —26 ! 20, 14.1 0.7 . 750 | 0 900 56 19.
Jan. 17, 1889 __ cemeeee oo 685 209 | 1,694,000 | —32 32| 9.2 S . ] 950 381 27
Feb. 29, 1880__1 0.87 443,000 | 1.12 30.0 863,000 | —12 26 | 13.0 0.7 I 600 —10 670 62 19,
Feb. 13, 1881 __| 1.34 700,000 | 3.20 30.0 993,000 | —31 24 1.8 11! 00 —1v0 1,050 59 17,
Feb, 21, 1882__1 3.28 | 1,556,000 | 0.47 30.0 445,000 , —30 18 | 184 U.6 | 700 —30 1,180 66 14,
Feb. 4,1833__f 4.89 | 1,720,000 | 0.30 30.1 474,000 ;| —42 11| 27.6 i 0.7 700 . —30 ¢ 1,130 68 16.8 -
Feb. 17,1883__{ 1.87 713,000 | 2.53 | 30.0 983,000 | —60 21 | 213 l 1.0 800 , —20 | Y30 60 | 40.1
Feb. 25, 1833__| 2,71 { 1,263,000 | 1.03 30.0 766,000 ! —24 35 2 : 0.5 700 | 0 1,200 50 15.2
Feb. 6,1884__} 0.49 539,000 | 2.10 30.0 1 1,260,000 ; —21 28 .8 0.5 550 | 0 800 60
Feb. 20, 1884__| 0.55 663,000 | 1.81 30.0 845,000 I —42 29 . 0.7 350 —33 1,250 15
Feb. 8 1835__| 0.27 249,000 | 2.00 30.0 | 1,330,000 i —22 28 X 0.5 600 1 —20 950 36
Feb. 10, 1885..] 3.49 | 1,154,000 | 2.66 30.0 { 1,030,000 ' —4q4 - 12! .6 1.3 1,100 ' —40 i,020 7 .62
Feh. 16, 1885._1 0.71 732,000 | 1.46 30.0 | 1,084,000 ° —39 ; 14 29.9 0.9 900 . —20 |- 700 40
Feb. 10, 1886..| 1.98 753,000 | 2.27 29.9 | 1,237,060 : —20 33 15.5 0.7 600 ! 10 900 51
Feb. 16, 1886__| 4.03 | 1,302,000 | 0.42 30.0 513,000 | —33 22 : 32.2 0.7 550 | —20 1,140 58
Feb. 26, 1886__{ 1.50 823,000 | 4.77 30.0 | 1,496,000 | —40 28 | 45.3 1.3 700 i —20 800 33
Feb, 1,1887__| 2.05 758,000 | 1.87 30.0 |- 772,000 ; —40 2 ¢ 46.8 0.9 750 | —30 900 45
Feb, 4,1887 1 3.93 | 1,362,000 | 0.34 | 30.2 464,000 | —42 7 5.7 0.6 \ 600! 10| 1330! o7 4.
072\ 619,000 | 1.64 | =38 3801 0.6 600 |, —20 50 ) a6 |- 167

Feb. 9,1887_.
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Feb. 11, 1837 _

1.54 [ 659,000 2.09 [ 30.0 1,169,000 —54 /| N. ; 14 17.3] 591( 0.8 550 | —30 820 / 63

Feb. 12,1897__] 3.69 | 1,316,000 | 3.24 | 30.0| 970,000 | —44 | NW. 15 21.7] 79.8 1.0 600 | —30 | 1,100 63
Feb.19,1887__| ____ . ______.__ 5.00 | 29.9| 1,490,000 ] —25 | L. 30 | 18.3 | 29.4 0.8 600 | 10 820 | 53
Feb. 25, 1887._| 3.87 | 1,238,000 | 1.82 | 30.0 | 615,000 | —3 | NW. 19 | 13.0 35.5 1.1 900 | —30 | 1,130 50
geg. 15,1888__| 4.79 | 1,161,000 |_.._.. 30.1| 437,000 | —42 | NW. 131 16.9 | 39.0 1.0 | 1,000 | —30 950 | 34
eb. 16, 1888._| 5.80 | 2,076,000 | __... 30.4 | —40 | NW. 6| 18.0 | 238 1.0 900 | —20 700 | 38
Feb. 20,1888__( 0.38 | 269,000 | 2.89 | 30.0 | 1,308,000 | —27 | L. 381 9.0 20,0 ...l ... 20| 1,150 | 60
Feb. 26, 1888__| _____ i 15941 3001 1,569,000 | —34 . L. 321 13.01 20.0 0.8 500 | —10 820 i 48 |
Feb. 6,1889__| 2.49 | 934,000 | 2.89 | 30.0 75,000 | —46 ;| NW. 13| 21.11 67.2 1.2 900 | —40 850 | 36 |
Feb. 17,1839__| 1.02 | 482,000 | 2.57 ] 30.0 | 1,230,000 i —30 | NW. 29 | 17.6 | 43.9 0.8 800 | —20 1 1,120! 58
Feb. 23,1889._| 3.31 | 949,000 | 4.00 | 30.4 |_._..____. —40; NW. | —3| 9.5/ 35.9 1.1 1,200 | —30 6401 32
Mar. 17,1880__| 1.89 | 1,176,000 | 0.66 | 30.0 | 620,000 | —26 : N'W. 24 16.4 | 21.9 0.4 500 0 900 | 61
Mar. 4,1881.| 0.50 | 371,000 | 2.45 | 30.0 | 990,000 | —30 @ SW. 341102 183, 0.7 450 | 10| 1,000 358
Mar. 10, 1882 _| 1.31 | 1,042,000 | 0.62 | 30.0 1 582,000 | —21 | NW. ! 36: 11.0 | 182 0.6 80| 10 750| 64
Mar.21,1882__| 1.51| 850,000 i 1.62 | 30.0 | 1,182,000 —30 - NW. | 35| 184 | 43.7 0.7 700 0 820 | 66
Mar.19,1883._| 0.74 | 283,000 | 222 | 30.0 | 779,000 | —33: NW. | 24109, 315 0.9 600 | —20 600 | 53
Mar. 12,1884 | . .| ... 5.04{ 300! 1,911,000 —32: L. . 33} 157 38.7 0.9 800 | —20 | 1,350, 66
Mar. 17,1885 .| 1.90 | 723.000 | 1.69 | 30.0 | 1,016,000 | —21 © N. | 11} 13.2) 29.5 0.8 960 | —30 760 | 30
Mar. 10,1886._ 2.61 | 1,154,000 | 0.64 | 30.0 | 617,000 i —920! Nw. | 35| 9.8 40.0 0.4 500 —10 820 1 30
Mar. 13,1886 | ool ooeeanaen [ e =15 SN U ' N S 174 B 1
Mar. 21, 1886. .1 ____ CTIITURA3 | 30,0 | 1,728,000 | —27 | SW. | 44| 144 202 071 630! 10 720 | .59
Mar. 3,1887._| 1.42'| 515,000 ; 1.74 | 30.0 | 823,000 | —27: NW. | 24) 108 290 . L —10 80O | 60
Mar. 14, 1887_.| 5.15 | 1,107,000 ' 0.36 | 30.0 | 276,000 | —30 | NW. | 27| 84| 156 1.2 800 | —10 950 | . 34
Mar. 3,1388._| 3.10 | 1,050,000  0.89 | 30.2 | 498,000 ; —36 ; NW. | 12| 148 486 0.8 630 | —20 900 | 60
Mar, 20, 1888__| 0.59 | 468,000 ' 5.98 1 30.0 | 1,568,000 | —40 | NW. | 34| 13.4 | 18.3 0.7 500 | 10 7401 56
Mar. 16,1889_ | 0.20 | 226,000 , 2.34 | 30.0 | 1,033,000 ' —32 1 NW. | 34135 16.0 0.6 500 0 600 | 54
i j : i - ; :
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It appears from an examination of this table that in a cold wave its extent is greater
the greater the éxtent of the high and low areas of pressure and the greater the max-
imum fall of temperature. The maximium fall of temperature depends, as will be seen
luter, on the crowded condition of the isotherms. No matter how sparse the isotherms
may be there will be <ome fall of temperature over the areaof low pressure, This fall i8
preater the greater the contrast of temperature from the center of the low outward to-
waurd the west or northwest,

It will be necessary, therefore, to get some numerical expression for this contrast of
temperature, which will be greater the greater the extentof country covered by the
diminishing temperature and the closer the low temperature areas are to those of higl[
temperature. 1f the distance between the high and low temperature is short it will, of
course, render the areas between the isotherms small, and will eause the number ex-

. pressing the character and extent of the temperature gradients also to be small,
Yarious suppositions ean be made, according to which the isothermal number can be
computed. ‘T'he following was adopted as proving the most satistactory for the greatest
‘puwmber of cases. For the various cold waves the value of this function is given in col-
umn 10 of Table 1X.
On maps preceding great cold waves the areas between the various isothermal lines
lie in strips from northeast to southwest. Their widths are relatively small as com-
pared with their lengths. The widths may be from 50 to 100 miles, the lengths from
600 to 1,200 miles. In many cases the ensemble of isotherms is of a fan-shape, their
Jeast-distances apart being in the vicinity of the low area of pressure, and gradually in-
creasing towards the southwest and northeast. The isotherms are drawn for tempera-
tures 10° apart.
Congider two contiguous-lying areas of temperature between three successive isotherms.
“The tendency is for the air from the places of Jow temperature to be carried to the places
of high temperature, The mean temperature of one strip of couutry between two iso-
therms, as compared with another strip adjoining it, is 10° different. It the area of
higher temperature is less in extent than the lower one, then there is a possibility, if all
the air from the one of lower temperature overflows the one of higher temperature, that
the fall of temperature will he equal in extent to the area of the higher one multiplied
by their diiterence in temperature. The units adopted are the areas in hundreds of
thonsands of square miles und the difference of temperature expressed in tens ot degrees.
It the ares of lower temperature is less in extent than the one of higher temperature it
cannot possibly change the temperature of the higher one hy more than its own ares
multiplied by the difference of temperature.
* Consider u third area separated {rom the area of highest temperature by an area in-
termediate in temperature.  Its eflect on the higher temperature may be taken as pro-
portional to its extent and the difference of temperature of the two arens,  Its effect in
lowering the temperature of the higher arew will not, however, be as great as in the case
of the. contiguous area, as they are farther apart, and a portion of the lower temperature
is expended in lowering the temperature ol the intervening avea. In like manner 8

‘fourth, fifth, sixth, ete., area of’ temperature will have ity effect on the area of highest
‘teruperature proportional to the extent of the low and high area, the difference in tem-
perature between them, and diminishing, according to some law, as their distance apart
increases.

It ig not known what this law is. There is some reason, however, for believing, a8
will appear farther on, that this law is nearly inversely as the distances of the centers
of the areas apart. Accordingly, thig will be adopted as the law, and two areas will be
considered 10 have an effect on cach other in lowering temperature proportional to the
area of the lesser one and proportional to their difference in temperature and inversely
as their distances apart expressed in hundreds of miles 18 the unit.

Taking the next area below the highest area and considering it with reterence to all
of the remuining areas below,it, a certain extent of possible full of temperature over its
arer will also be devived,  Takingthe third area and considering it with respect to those
below it, in a similur manner, the eltect on its srea can be derived, and so on, until the

-last two areas are reached.  The swns of the various sets of’ numbers, diminishing by one

for each areu until the last two are reached, will give u total, which ie that contained in
column 10 of ‘Iable I X, and which is a function of the aveas between the isothermal
lines and their distances apart.  This number expresses the possibility of a temperature
fall over an area duo to the conditions of the isotherms.

To recapitulate, this number is computed as follows: The wholc possible eflect of two
contignous areas in producinga temperature fall is taken as the area of the smaller one
in hundreds of thousands of square miles multiplied by unity, and divided by the dis-
tance of the areas apart in hundreds of miles except when the distahce is less than 100
miles, In such a ense the divisor is always unity. The possible effect, of the third area
on the highest aren is taken to be ag the smaller area of the two, expressed in hundreds
of thousands of squure wmiles, multiplied by two, the difference of the temperatures -
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. being 20°, and divided by the distance in handreds of miles from the highest isotherm
to the center of the third area along the lines of leust distance from the highest to the'
lowest isotherm. ) s

The whole possible eftect of a fourth area on the highest area, is taken as proportional
to the area of the smaller of the two, multiplied by three, and divided by the digtance
of the center of aren trom the highest isotherm. An example of the method of compu-
tation is given below, for the cold waves of February 12, 1887, '

WEATHER MAP or FEBRUARY 11, 1887

_Distances.
Areas between isotherms (square Distances of isotherms apart in h;:’,!‘:‘ r(;i‘:tgs
miles). 100’8 of wiles. [
highest iso-
therms.
o e | ——
~30° to —20° - 213,300 | —30° to 60° __o..ocoenonm.- 11,0 !
X 9.5
=20 —10 - 168, 000 | -—20 60 «oeececiamaa- 8.0
7.4
—10 [ 188,000 | —10 60 oo emmaes 6.9 R
. 6.0
0 10 e 404, 00V 0 60 . e aao- 5.0 :
' 1.4
10 D0 e mn 276, 000 10 00 cocacmcme e em 3.8
3.2
20 30 _____ ...-- 281,000 20 {614 R 2.7
: 2.4
30 40 o 175, 000 30 60 e ceeeee 2.1 \ -
© 1.8
40 51 ¢ O, 121, 000 40 60 cocmeae e 1.5} .
1.2
50 60 cmee e 142, 000 50 60 - eiceacmne- 0.8 ‘ '
0.4
60 IO 234, 000 60

FEBRUARY 11, 1887.—COMPUTATION OF ISOTHERMAJL NUMBER.

1.4x1x1 = 1.4 1.2X1X1 = 1.2 1.2x1xX1= 1.2
1.2x2x1 = 2.4 1.4X2X o= 2.0 1. 2X2x1= 2.4
1.8X3x4 = 2.7 1.4x3x4$ = 2.1 1.2X38x4= 1.8
2, 8X4X = 3.7 1.4X3X¢y== 1.4 1.2X4x3= 1.6
2,3X5x3 = 1.8 1.4x4x] = 1.4 l.szxsxg: 1.2
2.3X6X 3= 3.1 1.4x5xx5== 1.3 1.2x6x3i=1.2
1.9X7TXE = 2.2 1,.4X6x} = 1.2 1.2X7X4= 1.0
1. 7TX8X 4= 1.9 1.4X7X§ = 1.1
2 1X9X¢z= 1.9

23.1 (

, 1.8x1Ix1 = 1.8 2,8x1x1

1.8x2x 1, . 2.4 2, HX2X ) ¢ ;
1LBX3X A= 2.2 1. 9X3X: 1.7X3x}=1.3
1.8xdx} = 1.8 1.7x4X} 9, 1X4x =1.4
1.7X5XE = 1.4 2. 1x5HX4
1.8X6XE = 1.3

10.9 . 10. 0 6.7
1.9X1X+y5=1.3 1.7x1%Xy'3=1.1 1.7X1X34=0.8
1.7X2X3 =1.1 1.9x2x} =1.3
2.1x3x$ =1.3

7 2.4 0.8

Total 79. 7.
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It was imagined, to begin with, that the extent of fall of temperature in a cold wave
‘might be proportional to the sum of the products of the extent of the areas of low press-
ure'and high pressure respectively into the isothermal number and an unknown factor,
Obsgervation equatious were made on this supposition. - The normal equations were
‘formed according to the method of least squares and solved for the valuesof the unknown
quantities, 7The residuals of the observation equations were small in the case of the
large cold waves, but in the case of the cold waves of small extent the residuals were
very large, 'I'be solution showed that some part of the extent of & cold wave maust be
duoe to the simple action of the low-pressure area without regard to the density orsparse-

' pess of the isothermal lines throughout it.

Itigsassumed that the extent of temperature fall in a cold wave is composed of two parts.
One partis due to the convective intermixture of the air from the surface of the earth
.to a great height in the atmosphere, caused by the action of the high and low pressure
“in the production of winds, and another to the progress of air from the northwest where
the tewperature is low towards the southeust where the temperature is high, Ac-
cordingly on this supposition equations were again formed in which the extent of the
cold wave was placed equal to the extent of low pressure and high pressure multi-
plied by unknown factors and also the extent of low and bigh areasmultiplied by the
isothermal number and two other unknown factors.

. This solution showed that there could not be any considerable part of the extent of
.8 cold wave due to the product of the extent of high pressure into the isothermal number
and o factor. When the term expressing this was omitted, the solution hecame nore
satisfactory and the residuals made a better showing, not being dependent, as before, on
‘the extent of the cold wave. .

. This would seem to indicate that the supposition is approximately correct that the
extent of a cold wave is composed of three principal parts, one due to the mere extent
of the area of Jow pressure, another to the extent of the ares of high pressure, and a
third part due to the product of the extent of aren of low pressure into the isothermal
number. This is tuken to indicate that the cooling of &ir in the area of high pressure
is due mostly to the convective intermixture of air at high and low levels, while in
the case of the low-pressure area the fall of temperature is due hoth to the convective
Jintermixture of air and also to the progress of the air induced by the circulation of the
winds around a low area blowing from the northwest to the southeast on the west side
of the low.

In the case of most cold waves the isothermal lines are relatively much spread outin
the area of high pressure on the map preceding the cold wave. ‘The high area in fact
‘marks the region where a cold wave is prevailing. In some instances a part of the area
of high pressure is covered with isotherms close together. A scrutiny of the residuals
.of the observation-equations in these cases shows that the addition to the extent of the
-cold wave of a small term depending on the extent of the area of high pressure so cov-
ered into the isothermal number would improve the residuals,

‘The equation expresving the relation between extent of temperature-fall and extent
.of high and low pressure areas will be taken of the form;
~Hk + LI+ L4 I = extent of temperature fall.

' The factors h, I, and 1 are to be determined from observed cold waves.
“H, L, and I are the measured extents of the high-pressure area, the low-pressure area,
and the isothermal number.

The observation-equations are given helow. The first term expresses the effect of the
high area of pregsure, the second the eflfect of the low-bressure arca, and the third the
effect due to the product of the extent of area of Jow pressure into one-tenth of the iso-
thermal number,*as given in column 10 of I'able IX. ‘The absolute term is the extent
of the cold wave. On the other side of the equality sigus the residuals are given. The
equations are in three groups, corresponding to the positions of the aren of high pressures,
with respect to the Jow pressures, whether to the northwest or southwest or without
any high area. These groups having shown no mauarked difterences the solution was

- made as & whole. )
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v

First group.

High pressure to the northwest of low

'

Residuals.

1

Comp.— ob-
served,

Oct. 16,1882 _.
Oct. 8,1884.._
Oct. 22,1884
Oct. 4,18856- ..
Oct. 20, 1885. .
Oct. 20, 1886. ..,
Oct. 9, 1887.._
Oct., 24,1887._°
Oct. 2,1888._.
Oct. 19,1888---
Nov. 19,1881 ..
Nov. 12,1882 __
Nov. 6,1883._-}
Nov. 12, 1883_ _ |
Nov. 5, 1884.__.
Nov, 23,1884 .
Nov. 24,1884 __
Ndv. 30,1884, __
Nov. 13,1886 __i
Nov. 23, 1886. ..
Nov. 26, 1886. ..
Nov. 20, 1887.__
Nov. 23, 1887 ..
Nov. 27,1887.__
Nov. 9,1888...
Nov.12,1889__.
Dec. 21,1881...
Dec. 27,1883, __
Dec. 13,1884 _.
Dec. 31,1884___
Dec. 5, 1885...
Dec. 21,1887 _.
Dec. 28,1887
Dec. 29, 1887__.
Dec. 25, 1888.__
Dec. 25,1889 _.
Dec. 30, 1889 .
Jan. 14,1882__.
Jan, 17, 1882___
Jan. 14,1883 ..
Jan. 18,1883___
Jan. 19,1883.__
Jan. 20, 1883
Jan. 6,1884__.
Jan. 1,1885.__
Jan. 17,1885 ..
Jan. 18,1885 ..
Jan, 25,1885 .
Jan. 9, 1886__.
Jan. 17,1887 __
Jan. 18, 1887__.
Jan. 8,1888...
Jan. 15,1888___
Jan. 20, 1888__.
Jan, 9,1889._..
Feb. 29, 1880. .
Feb. 13,1881___
Feb, 21,1882___
Feb, 4,1883___
Feb. 17,1883...

10.
11.

3.
4.
1.
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OnsiErvATION-EQuAaTIONsS—Continned.

I
‘ i Remduals !
Yirst group. High pressare “;r ::;?l ;orthwest of low ' o p.—ob- |
' | ! * served. |
——— I o A
Feb, 25, 1883.--'! 9.7h <4100 < 4lh =BV — 9]
Feb. 6,1884. .0 0.5k  --21 = B.6L —16=. - 5 |
) Teb. 20, 1884__ ! 0. Gk -5-1.8/ 14,8, —3dm | 18 !
Treb. 10 188.)..-\ 3. 54 9.7 --24. 81, [T | — !
Feb, 16, 1885 __: 0.7k G5 44y —I1dn | — 5
Iel, 10, 1886. ._l o oh  -h2.31 4~ 3.7, —1l | -1
Feb, 16,1886.. ' 406  --0.4/  + 1.3,  —16.= | — 3
e, 26,1886.... 1. 5% -4, R 121, 6, —oy.. ] )
Feb. 1,1887...; 2.0, 1.9 - 890  — B ! .8
'Feb. 4, 1887_..j 3.9%  --0.31 4+ 2.3, 2= —10
Feb, 9,1887...1 0.7k 1.6 - 61 —1%= —n
Feb. 11, 1887...1 1.5 421 12,4 —27s —09
Feb, 12,1887...0 3.7 F3.20 -on 9 —38 — 4
Feb. 19, 1887. .1 0.0k --5.00 i-14. 51, +15
Feb. 25,1887_..0 3.9%  -F1.BL - 6.5/, 90 0
Dec. 15,1888__.1 4.8%  -+4.00  £16.66,  —3T-~ —2
Dec. 16,1888 __! 5.8% --0. 01 4 0.01 (= 0
Dec. G,1889___§ 2.50 42,01 -1-19, 41 —20= 47
Dec. 17,1889, i 1.0k 2.6/ 411,44 —21-. — 1
Dec, 23, 18R89__ ¢ 3.3k 400 -}14.00 —3l= | — 9
Mar. 17, 1880--_1 1. 9% 10,70 - 156 — 4= | -
Mar. 10,1882 ) L.3x  -0.60 b 11h — 4w P2
Mar, 21,3882, __{ 1.6k -+LGL - T.0L 0 —R1 -8
Mar. 17, 1885.__1 1. 9% +1.7 - 5,14 —19.= — ¢
Mar. 10, 1886.._i .66 j-0.6F - 2.4 —12= —9
Mar. 3.1887._ | LAk 4170 - 490  —16-: —4
Mar. 14,1887__.} 5.2k =-0.47  4- 0.6, —15== F1
Mar. 3,1888___| 3.1k 40.90 i 4.5  —2%= — 8
Mar.20,1888.._| 0.62  4-6.00  --10.8,  —20=: 4+ 6
. Mar. 16, 1889.__'] 0.2h 4-2.30 -+ 3. 7(, — 3== 4T
|
i ‘e‘udu.\ls
- Second group. | High pressure southwest of low pressure. I Comp.—ob- |
! served.
i i e
Oct. 16,1886._.} 4.0% 42,01 S 380 —1== | — 3
Oct. 12,1887-_.[ 6.0k -40.00 - 0.0n  —T5= | 41
Nov. 7,1880.-.) 0.6k 4-0. 97 - 1.5 —14 = I — Y
Nov.20,1881...{ 7.1»  +0.47 - 1%  —17= - 5
Nov. 13, 1882..| 2.2%  -0.0L -+ 0.00 = | ~15
Nov. 14, 1882__.1 2.5 B O T (1 17 | —10
Nov. 24,1882.__| 2. 4% -+0. 51 - 0.30 — G| ;- Iz
Nov. 7,1883.__) 2.8k 40, 4 0.2 —10 = — 9
Nov. 10, 1883...{ 0.2k 1. 17 - 0,70 — 1 3
Nov. 13, 1883._.| 5.2k 541 - 6,50 —19- ! 16
‘Nov. 15, 1883. __{ 2. 4% 0.0 - 0.0 — 8 N — 1
Nov. 27,1883, .. 2. 2% +1.9 + 7. 25_ Y
Nov. 7,1885...1 0.5 +3.91 4- 4.9 —_G. 410
Nov. 81885 _ | 1.1 421 +- 3,40 —192 — 1
Nov. 13,1885.._] 2.7k 4-0. 81 4- 1.7 08 13
‘Nov. 18, 1886.__| 2.6 240 -1- 9.6,  —I7 = . -3
Nov. 98, 1887___| 4.0k -4-0. 6/ - 4.5/, —31s —16
Dec. 9, 1880.__| 3.0x 404 408  ~10= 0
Dec. 13, 1886.._| 2.9, 0.6/ 4 0.4, — 3= + 7
Dee, 20,1887} 2.3 +2.41 48,4,  —WB= —10
Dec. 11,1889__.( 0.9  +1.2 - 2.9, —l8= —10
Jan. 16,1881._) 212  4-L4 4 6.3, —27= —13
Jan. 24,1887.__| 1.8z 417 4 7.8,  —18= -3
Mor, 4,1881___| 0.5,  +2.4 4 4.3, — 8= -+ 3
Mar.21,1886___{ 0.0  --5.1 3024  —13= + 9
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OBSERVATION—EQUATIONs—Cantinued.

) . : Residuals.
P Low areas of pressure with small areas | .,

Third group. - Comp,—ob-
: group of high press‘nre. served.
Nov. 26, 1883_..] 0. 0/ +3. 1 +4-12.40, —14
Dee. 29, 1889__.| 0. 04 S3.8 - 7.6Nh —12
Jan. 21, 1887__.| 0.0k - 601 4-18. 04 -+13
Jap. 30,1887_..| 0. 01 -2, 1L - 4,00 —10
Jan. 1,1888._.} 0.94 -3 M --15. 6N iz — 3
Jan. 17,1889_ .., 0.0k -1 6.8 113060 —28 -7 i1
Feb. 8 1885.._ 0. 3 2.0 - 4,00 —16.. — 7
Feh, 19, 1887___} 0. 0k 45,00 1L T — 9 i - 15
I'eh. Q0, 1888 . | 0. 44 - 6.0 R T T —92 - 4- 1
I'eb. 26, 1888 __| 0. 0% AA0 41180 —19= | 46
Mar. 32, 1884, ._1 0. 0/ -1 5.0t -1-19. 5/, —20 ! -4 6.

The normal equutions from these are:

(18470) - 442 - 2001 —G192 =0
4490 - (Y - 98297 —BAIT 0
SO0 -1 98290 ;- (128004,) —21410--0

The solution of these gives—

B 2070
15
{0 00047

The substitution of these vilues of the factors gives tho residuals as ubove.
The probable error of & computed extent of cold wave as derived from the above re-

piduals is 5. 4.
The formula then for computing the'extent of cold wave is ns follows:

2.75 H -- 3. 15L -~ 0. 5347 L I¥ - - extent of cold wave,

H and L being the extent of high and low aren and F one-tenuth of the isothermal -

number.
The results of this computation are not on the whole very bad, although the residuals

are by no means entirely satisfactory. The values found for the lactors 4, /, and 4 will
however be adopted, as some methodical plan for the forecasting of cold waves is neces-
sary. .

residuals, shows the necessity of taking into account not only the extent ot pressure
over the areas of high and low pressure, but also their relative positions with respect

to the areas of low and high temperature. lmprovomonts can doubtless be made hy -

An examination of the maps preceding the cold waves, in counection with these

the addition of terms expressive of varying pressuro gradients throughout the areas-of :

high and low. The method of expressing the isothermal number gives a good result
and is quite satistactory for cases where the areas between isotherms are long, narrow,

strips on the map, extending from southwest to northeast at nearly equal distances -

apart. This is the most. important ease in the oecurrence of cold waves. Under such
circumestances the cold waves arc usually large.  This does not do w¢ll, however, for &
typo of isotherm like that of December 20, 1881, where the isotherms are spread out
fan-shaped on both sides of She preatest temperanture gradient spreading on one side

towards the northeast, and on tho other side towards the southwest from a line joining

the center of the low with the center of the high.

To improve this method of deriving the extent of temperature fall in a prospective
cold wave one supposition and then another can be tried until something is found that
gives a more satisfactory set of residuals. In the five trinls that were made betore the
adoption of the method given above, there was & constant improvement in the residuals.
1t is thought that a great improvement can be made by a separation of the effects due to
the excess or defect of pressure above or below certain isobarg, instead of putting in the
pressure effects ot the high and low each as s whole, as has been done in the method
adopted.
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" The.various methods tried seem to indicate that the extent of temperature fall, due
to the high area of pressure, is caused by the intermixture of upper and lower air. The
“high ares has only a limited power to cause temperature-fall to the southeast of it, as
compared with an equal extent of pressure deficiency in a low area, ~ A very consider-
‘able part of the excess of pressure in a high area is the resultof the low temperature
within it8 horders. : )

This method of determining the extent of a cold wave is open to the objection that
the extent of a temperature-tall in o cold wave, if viewed as the resultof a certain phase
of isobar or isotherm, muy not have produced its entire effect utter the lupse of twenty-
four hours. Moreover, any phase of isobar as it occurs at 7 a. m, must have existed
“for some time previously, even if only for & {ew hours, and conseruently it must have
"had its effect in producing temperature-fall during that time. The method adopted of
aneéasuring the extent of temperature-fall may then have given a result too Jow. But
.for the average of cases it is presumed the error will not be great. B

The presence of a large ares of temperature-full on s map, coincident with a phase of
jsobar favorable to n prospective fall of temperature, is one of the best indientions that
the fall may be expected to continue. But what partot the extent of fall already achieved
is due to the current phase of isobar it is impossible to determine,

-

MAXIMUM FALL OF TEMPERATURE IN A COLD WAVE.

An examination of the weather maps in 217 cases preceding cold waves shows that the
i greatest fall ot temperature occurred in 134 cases within the lowest isobars of the low
“area within about 75 or 100 miles of the actual center of low pressure.  In 62 cuses the
maximum fall was south of center of low area 200 miles or more; in 8 cases it was
_north of center; in 4 cases, west of center; in 3 cases, east of center; and in 6 cases 80
“remote from center as to have no apparent connection with it. ) :
A" In at least 80 per cent. of the cases of all cold waves the place of maximum fall of
“temperature can be located beforehand some place within 100 miles of its true place by
“taking it 'at the place of highest temperature within a distance of 100 miles of the center
. of the low pressure, near the place of greatest temperature gradient, near the turning
'lp?inm or crests of the highest isotherms, or in the mean of the position of these three
places. ‘
* The magnitude of the maximum temperature-fall in a cold wave is conspicunously de-
spendent on the magnitude of the temperature gradient on the weather map preceding
it.. "Of the varions methods tried for determining the amount of fall the following was
" found to betthe best:
' Draw « line trom the selected point of greatest prospective fall of temperature perpen-
‘dicular to the isotherms where they are closest together on the map preceding the cold
wave;' - Measure the distance from each isotherm to the place of preatest fall. This
line will be composed of a series of sectiors included between the isotherms. The tem-
perature at the place of greatest temperature-fall, after the cold wave prevails, will be
. the weighted mean of the mean temperature along the various sections of the line, the
“weights being directly as the lengths of the sections and inversely as the distances from
- the center of the sections to the point of greatest fall. The meaun of the highest tem-
perature, or temperature at point of greatest prospective fall of temperature, and of the
“temperature at the first isotherm taken into account is given a weight of ope, The mean
“temperature of u section'is the mean of its boundiny isotherms. Only theisotherms be-
“yond a distance of 200 miles from the point of greatest prospective fall are taken into
‘a¢connt in forming this mean.
+'The iollowing is an example of the computation of the greatest fall of temperature in
‘the cold waveof February 12, 1887: On the weather map of February 11 the distances
.from the pointpf greatest temperature-fall on the day following to the various isotberms
were as follows: Columbus, Ohio, temperature, 63°; distance to the —30° isotherm, 1,100
‘miles; to the —20° isotherm, 800 miles: to the —10°isotherm, 690: to the 0° isotherm,
500:. 1o the 10° isotherm, 380; to the 20° isotherm, 270. The lengths of the various sec-
tions, their mean temperatures, and distances of centers @rom the point of. highest tem-
perature are as follows;
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l i
: Meaar _ iCenter of sec- N N
Distances hetween !h{f',:'t’"ﬁz“;} Length of | tion from | Assigned 1 l:flea_nx N
isotherms. ipée Aion | section. peint of’ weight. e plrht,
v v igreatest fall. welg
‘ | |
- - i RS — B E
° e Miles. ! ‘ Miles. l Miles.
—30t060,1,100 .. - cmmamm e - e B a T
—20t0 60, HO0.__.|  —25° 300 | 950 3T d
10 to 60, 600! —1a° | 110 1 750 .15 —2.2
0 to 60, 500.--- — 5 190 580 32 —1.6
10 to 60, 3&0.--.! 5 120 440 o7 1.4
20 to 60, 270.._. 15 0 110 360 .31 -+-4.7
{(20-63) ! 49 o 1.00 ‘42.
SUMS « oo e e mmmmm e e e |, 287, 36.3
Mean temperature -« ..o o aeoe -aneommmemEmnemoms oo mmnsiss s e 16.3
Fall of temperature -« - v owooceeoamnn R IS B A
! i :

In Table X, the computed and observed greatest temperature-fulls nre given for a'grea‘t

many cold waves.

Column 1 gives the date of the ocenrrence of Jow temperat ure; column 2 gives the

place of greatest fall;

column 3 gives the high tomperature at the place of greatest fall;

column 4 gives the observed greatest full; column 5 gives the computed fall of temper-~:
ature; colurin 6 gives the extent of temperature-fall in cold wave, includingallowancé

for all fal] of temperature inclosed by the 10°
. Tt is worthy of note that the temperature at pl

temperature-fall Jine,
ace of greatest ful

1 as computed by the

method described is very nearly the mean temperature throughout the area of highand:

low pressure. This mean is given in column 8 of T able INX.

TABLE X.—COMPARISON OF
: FALLS IN CouD WAVES,

'

OBSERVED AND COMPUTED GREATEST _TICMPERATUlei.:

! !
H Tomper- Observed
. Date. \ . Place. i ut.uxl')c. I tempera-
* + ture-tall.
B [ RN
| : ;
- 1 l ° o
Oct. 4. 1882 Detroit. Mich_ —cveeeenni 65| —23
Oct. 16, 1882__: Yaukton, 5. Dakovooeouy 62 —27
Oct. 15, 1883 | Boston, Mass. .. ..o-----! 71 —24 |
Oct. 8, 1884__1 Dodge City, Kans_ ... | G3 —30
Oct. 22, 1884__| Keokuk, lowa. .- --uuu-- I [ix . —23
Oct. 20, 1885._‘_-_-__-_' __________________ ! 63 —3
Oct. 15, 1886._| Minuedosa, Man .. —eoo—-- 59 —23
Oct. 16, 1886G._| Boston, Mass. ..o oumm- G5 | —R6
Oct. 20, 1886__| North Platte. Nebr..—---- H8 | —27 !
Oct. 9, 1887_.| Concordia, Kans. .. .cw--- 64 —20
Oct. 23,1887..] IFort Custer, Mont .._. . 34 —22
Oct. 2, 1888._| Rapid City, 5. Dak._..-._.. 60 —28
Oct. 19, 1888..| Concordia, Kans. ... .- 62 —28
Nov. 7,1880..| Montgomery, Aln.._..__. 67 —31
Nov. 19, 1881_.| Denison, Tex .__.-t..._. T —42
Nov. 20, 1881_.| Knoxville, Teno. ... - 66 —38
Nov. 12, 1882__| Fort Elliott, Tex_..---._. 70 —40
Nov. 13,1882_.| Shreveport, Lo - cocee oo 68 —32
"Nov. 14, 1882__| Atlanta, Ga _.o.oc -coo.. ! G4 —33
Nov. 24,1882 .. Chieago, Il .. oo 39 —18
Nov. 6, 1883._| Kansas City, Mo..__.._.. 65 —20
Nov. 7,1883__| Columbus, Ohio ..o 55 —21 |
Nov. 10, 1883._| Alpeua, Mich.o—co- ccnnen 45 —1

|

» Computed
| tempera-
| ture-fall.

o
—20
—206
—30
i -:‘28
—21

—25

D —20
! —25
. —25
17,
—23
—37
—41
~33
—36 "
—41
—30
10,
I 25

—21

~

—10

Obsérvéd '
extont, of .
. cold wave,

.
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TABLE X.=COMPARISON OF OBSERVED AND CoMPUTED GREATEST TEMPERATURE-
FALLS 1IN CoLD Wavgs—Continued.
N

|

! Observed  Computed

T
i

|
t Temper- :
Date. Place. | tempera- l tempera-
ature. . turel-)ﬁlll. i tureI-r'uU.
| i L e e
' f \ o | o ' o
Nov. 12, 1883_ . Nashville, Tent-.._...__. '| 63 —29 | —23
Nov.]3,lHH3.1 Savapnah, Ga . . - __ ' 69 | —26 —26
Nov. 15, 1#83__ Lynchburg, Va._ ... __.. I 49 —23 —17
Nov. 27, 1883._| Touisville, Ky.._._______! 63 —30 | —42
Nov. 8, 1884 .. doeeoueome e oot a8 —21 —16 [
Nov. 6, 1H34__l Poston, Mass.___. __.. __.. 54 —
Nov, 23, 1834__; Kansas City, Mo. ________ . 52! —40 —32
Nov. 24, 1884__! Indianapolis, Ind____ ____ ‘ 56 1 —-44 | —3
Nov. 30, 1884__| Dodge City, Kans____ .___; 38 —11 ; — 8
Nov. 7,1885._ Lamar,Mo____ .________. I 634 —0 i —18 !
Nov. 8,1885..} Columbus. Qhio_________. 63 —23 —20 |
Nov. 13, 1885__| FFort Smith, Ark.____ _ _ ! 63 —i3q —27 !
Nov. 13, 1886__| Chattanooga, Tenn. ___.__ ! G0 : —28 ! —2 |
Nov. 1R, 1886__, New Orlesns, La..__.___. i 74 —39 ! —45 |
Nov. 23, 1886__! Kansas City, Mo _ ._..__... 61! —41 —98 |
Nov. 26, 1886__| Charleston, 8. C . .__.____, G8 i —33 —31
Nov. 20, 1887__| St. Louis, Mo..____..._._| 46 | -—30 | —25
Nov. 23, 1887__! YFort Sully, S, Dak ____. .. : RES —2H —17 !
- Nov. 27, 1887__| Concordia, Kans . ___.__.... ‘ 32 —42 -—43 1
Nov. 28, 1887__' Cincinnati, Olhio . .___ ____ 68 ; —58 ! —55
Nov, 9, 1888__{ Vickshurg, Miss ... _._ i 65 1 —q —26 |
Noy. 12, 1889__! Fort Elliott, Tex_ _._..___..: 40 - —15 1 —16 |
Nov, 28, 1889 ... Mobile, Ala_ .____._.___. G4 —4 —34
Pec. 9, 1830__1 Louisville, Ky ... __...._..! 36 —25 —28 |
Dec. 21, 1881__| Denison, Tex. ... ... : HY —22 —14 |
Dec. 27, 1823 .| Des Moines, lowa ... _._.' 37 —45 —-36
Dec. 13, 1884__| Atlanta, Ga .. ... ______ } 61 —26 —32 1
Dec. 31, 1884__| Palestine, Tex ._____._. __, 64 —q1 —18 -
Dec. 5, 18851 Kausas City, Mo. ________ I 500 —a5]  —I18!
Dec. 20, 1887__1 North P'latte, Nebr. . __.| 30 . —A48 . o
Dec. 21, 1857__| St. Louis, Mo. . .___ ____] 42 —d2 ! -0,
Dec. 28, 1887__; Kansas City, Mo . __.___. ! 32 —42 | —3K
Dec. 29, 1887 Wilmington, N. C.__.___. i G0 | —32 | —48 |
Dec. 25, 1888__| Des Moines, lowa . _______! 521 - —27
Dec. 11, 1889 _| Springtield, Mo .____.___. ! 62 | =2 —97
Dec. 25, 1889__! Des Moices, Iowa __..___ ; 60 —i34 —35
Dec. 3u, 1889 __| Chieago, IW _________.__. \ 60 | —a4 —36 |
Jan, 12, 1880..! Madison, Wis...___. ______ 51 -1 —28 |
. Jan. 21, 1880..| Nashville, Tenn .________. : 53 —1! ~.29
Jan. 15, 1881__} Burlington, Vi __________ . 37 | —45 | —a3 !
Jan. 14, 1882_ ) Milwaukee, Wis___.______ 35 1 —35 | —30 !
Jan. 17, 1882__{ Denison, Tex._._.______.\ 60 1 —44 —44 |
Jan, 14, 1833 .| Shreveport, La_ ... ____ GO ! —3q —36 l
Jan, 18, 1883__ Davenport, Iown. __.____, 9R | —an i —91 .
Jan, 19, 1883__| Dodge City, Kans. . ______ 22 —38 | —~27 |
Jan, 20, 1833 _1 Corpus Christi, Tex ._____ | 67 —45 —50
Jan, 6, 1884._| Charleston, S. C _________ \ 10 —39 —40
Jun. 19, 1884__| Omaha, Nebr________ . _. i 37 -1 | —95
Jan. 1, 1885__| Parry Sound, Ont ___ ___ i 47 —d45 —32 |
Jan, 17, 1886__| Montgomery, Ala _______. 0 68 —45 { —45
" Jan, 18, 1885t Norfolk, Va . __ ... ___, 70 —45 —51
Jan. 25, 1885__| Kansas City, Mo ... ____| 31 —31 | —91
Jan., 9, 1886__| Montgomery, Alu.._N_.-_.i 47 —39 —40
Jan. 17, 1887.__| Lamar, Mo .__. e 53 —42 l —33
Jau. 18, 1887 ] Chattanooga, Tenn ______ : 58 —40 —44
Jan. 21, 1887 __} L.a Crosse, Wis.________. .l 37 —40 —21
Jan, 24, 1887_.] Knoxville, Tenn . .__..__. 63 —29 —28
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LABLE a.—Uus{PARISON OF OBSERVED AND COMPUTED- GREATEST TEMl‘ERAlURE-
FALLS IN CoLp WAavEes—Continued.

11945 816

10

Temper- Obgerved |Computed | Observed
Date. Place. a t.ulx‘)e tempera- | tempera- | extent of
¢ * | ture-tull, | ture-fall.  cold wave.
[+] (-] -] o
Jan. 30, 1887._| Yankton, 8. Dak.._..._._ 30 —42 —35 18.9
Jan. 1, 1888._| Palestine, Tex. . —.uo---. G4 —40 —41 26.0
Jan. 8, 1888 .| . oo oo 68 —48 —42 P
Jan. 15, 1888__| .o dO el e e en 48 —44 —36 23.8
Jan, 20, 1888..1 Cheyenne, Wyo._... ...__. 34 —42 —28 12.2
Jan, 9, 1889__| DPnlestine, Tex. .o_..._.-. 56 —26 -2 19. 9
Jan, 17, 1889__) St. I'aul, Minn ____.__.. 38 —32 —17 27.9
- Feb. 14, 1880 Cbattanooga, Tenn . ... 66 —30 —35 10.4
Feb. 28, 1880_.1 Fort Elliott, Tex. ... ! 48 —41 28 13.5
Feb. 29, 1880__| St. Louis, Mo....._..... : 62 —42 —35 19.6
Feb. 13, 1881._| Lynchburgh, Va . ... .. 59 —31 —37 17.6
Feb, 21, 1882..| Memphis, Tenn ... 66 —30 —34 14.0
Feb, 4, 1883_.1 Shreveport, La. ... 68 —42 —58 16.8 -
Feb, 17, 1883_.! Keokuk, Towa .- ... (] —060 —A44 40.1
Feb. 25, 1883__| Lamar, Mo ... oo 50 -—24 —20 15.2
Feb. 6, 1884..| Pittsburgh, ’a .. ... 60 —21 31 16.5
Feb. 20, 1884._| Daveuport, Jown ... 45 —d42 —40 33.6
Feb. 8, 1885._| Kansas City, Mo ... 36 —22 —15 16. 0
Fel. 10, 1885_ .| Nashville, Tenn..___._._- 62 —44 —45 38.2
Feb. 11, 1885_.| Cape Henry, Va . _._..... 64 —50 —47 31.6
TFoh. 16, 1885..| St. Lonis, Mo. ... ... 40 —39 30 i3.9
Teb. 10, 1886..| Springtield, Mo _____.__.. 51 —20 —14 11.4
Teb. 16, 1886__| Knoxville, Tenn._ ... 58 —33 35 16.0
Feb. 26, 18R6._| Parry Sound, Ont ____._._. 33 —40 —40 28.9 -
Feb. 1, 1887__| Fort Elliott, Tex. ... 45 —40 —41 .8
Feb. 4, 1887__| Palestine,Tex ... -.-__. 67 —42 -—58 23. 4
Feb, 9, 1887_.| Alpena, Mich .__..__..._. 406 —I8 —30 16.7
‘Feb. 11, 1887...| Lamar, Mo .. .o .. 63 —04 —51 2.8 -
I'eb. 12, 1887._| Columbus, Ohio .. . ... 63 —44 —47 38.2
TFeb. 19, 1887_..| Louisville, Ky. .. ... 58 —25 —22 8.6 .
Feh. 25, 1887__| Rocklifle, Ont ............. 21 43 | 20.1
Febh. 15, 1888_. ngqton. Ont. .oemooo 34 —A42 -—-33 36.8
Feb. 16, 1888._| Boston, Mass. ... .. __ 38 —40 —26 16.2
Teb. 20, 1888__; Dubuque, Towa . _..._._. 42 i P 21.6
Feb. 26, 1888__| Toledo, Ohio ... 48 —34 —27 19.1
Teb. 6, 1889._| Port Huron, Mich___ ... ! 36 —46 —40 20.1 -
Feb. 17, 1889 __| Palestine, Tex _.o.-.-___ 56 --28 —36 21. 4
Feb. ‘23 18R89__| Frie, Pa_ co o i oo 32 —40 —34 31.56
Mar. 17, 1880.._| Atlanta, G o _.. o .o - X Gl —26 —40 3.6
Mar. 4, 1881._| Chattanooga, Tenn. .. - .- : 58 —30 —25 7.8
Mar. 10, 1882_.! Memphis, Tenn___.... ... 64 —21 —26 3.7
. Mar. 21, 1882__! Fort Smith, Ark ... ... 66 30 —32 21.1
Mar. 19, 1883..| Kansas City, Mo _......_. 53 38 —-38 34.8
Mar. 12, 1884__| Fort Smith, Avk - ._...__. 66 —32 —40 20.3
Mar. 17, 1885. .| Cincinnati, Ohio «....oo-. 30 —21 —27 18.6
Muar. 10, 1886__| Shreveport, La_ ... .- 50 —20 —34 12.3
Mar. 13, 1886._] Davenport, Jowa ... 30 —15 —11 5.2
Mar. 21, 1886._| Indianapolis, Ind__. .. --_. 59 —a7 —24 12.8 |
Mar, 3, 1887._| St. Louis, Mo ... ... 60 —27 —31 15.6
Mar. 14, 1887 .| Cincinnati, Ohio ... ... 54 —20 —30 15.3
Mar. 3, 1888_.] St. Louis, Mo___________. GO —36 —46 2.4
Mar. 20, 1888__| Keokuk, Jowa ..coe.o . 56 —40 —22 19.9
Mar. 16, 1889__| Springfleld, Mo .- -.... 54 22 —28 2.7
Oct, 17, 1880__| Columbus, Ohio __.....__ 65 —26 —19 e
Oct. 27, 188(. .| Toledo, Ohio___._._..._. 54 —16 B L 28 D
Oct. 5,1881._| Pittsbargh, Pa. ... 68 24 16 leiecaeana
Qct. 13, 1881 _| Kansas City, Mo ........ ¢ 09 —28 —20 lacacene- -
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TABLE X.—COMPARISON OF OBSERVED AND CoMPUTED GREATEST TEMPRERATURE-
¥ALLS IN CorLbD WAvEs—Continued,

[
Observed k Computed Ohserved

Temper-

Date. Place. ature tempera-- | terapera- | exteut of
* | ture-fall, | ture-fall. | cold wave.
~— d
b o o | o

Oct. 30, 1881._( Des Moines, Towa..._.. i 55 —15 — 9
Oct. 14, 1882..| Louisville, Ky .—ovcvowm. 67 —16 B ¥ P
Oct. 14, 1883__) St, Louis, Mo ... oo 58 —15 —11 L.
Oct. 4,1885_.] Indianapolis, Ind__.__.._ 59 —1R —12 -
Oct. 14, 1886__) Kansas City, Mo .. | 69 —16 —16 e
Oct. 16, 1886..| Albany, N. Y [ | 63 —26 P I
Oct. 21, 1886._ Marquette, Mich ______. » 66 —30 ! o3 ..
Oct. 5,1887__| Naghville, Tenn - ... .56 —12 —12
Oct. 12, 1887__| Atlanta, Ga." - ooooneo oo ; 62 —20 —15 .
Qct. 3, 1888..} Chattanooga, Tenn ___.._ ; 62 —14 10 e aeeene
Oct, 20, 1888..| Fort Smith, Ark_..___.__| 68 —30 —27 .
Oct. 2,1889__| Cincinnati, Ohio c_-__.-. | 60 —12 ] e | T
Nov. 11, 1880...[ Cairo, D1 - o oooo 58 —16 | —13 - e
Nov.19, 1880..] New York City. ... 46 —23 —13 -
Nov. 13, 1881 . Cincinunati, Obio_ .. . 60 —17 ~—17 |ecaee toe-
 Nov. 18, 1881__| Kansas City, Mo ... 61 —36 —34 |-
Nov.24, 1882..] Chicago, T~ ... 39 —18 — 9l
Nov.16,1883_.|._-.d0- . e e 15 — 5 — 8 i
Nov. 2,1885_.| Cincinnati, Ohio.___._.-_ 49 —13 — B e
Nov. 14, 1886 Washington City - .- 54 — e
Nov. 4, 1886__| Sandusky, Ohio - ..-w_.-- ! 53 | —15 1 SO Y
Nov. 10, 1887_.} t. Lonis, Mo _.______.. l 52 | —12 18 jeemeae
Nov. 3,1888_.; Indianapolis, Ind.___.-. 68 ! —26 —18 il
Nov. 17, 1888__; Washington City -____._. 50 —14 B 5 I
Nov. 14, 1889__| Indianapolis, Ind_____.. 50 —12 { —1
Dec. 6,1880..] Louisville, Ky ..o..._._. l 60 —38 | S i
Dec. 17,1880_.{ Alhany, N.Y ... 36 —17 ~13 .-
Dec. 5,1881_-| Montgomery, Ala___._._. I 59 —14 l —13 . -
Dec. 14, 1881__| St. Louis, Mo . ____-._._. | 60 —30 i e
Dec. 3,1882__| Cleveland, Ohio —_.._._. | 10 —17: e £ I I
Dec. 8, 1882..| Wilmington, N. C____._. i 50 T -
Dec. 15, 1882._| Keokuk, Iowa ...oo.o-o 25 —20 B 1
Dec. 8, 1883._| La Crosse, Wis __._.___. 50 —ug —o1 | I
Dec. 9,1883_.( Columbus, Qhio ... 45 —15 —10 | oo
Dec. 31, 1883. ] Palestine, LTex ... I 66 —33 i —32 -
Dec. 6, 1884_.) Shreveport, La ... 57 —12 —12 -
 Dec. 19,1884_.| Wilmington, N.C_.__... 53 ~—35 s 1 PP,
Dee. 11, 1885_ 5 7 J S U 62 —26 —24 RERREEEEE
Dec. 26, 1885_. Pittsburgh, Pa____.__.__ 32 —11 —~1d L aaeae
Deo. 6, 1886..] Jacksonville, Fla ______.._ 53 —24 e |
Dec. 15, 1886._) Omaba, Nebr .. _____ 42 —8 B R T
_Dec. 16, 1886....| Pensacola, Fla__.___ ___. 58 —30 | —25 oo
Dec. 12, 1887__| La Crosse, Wis ..___.____ 24 —22 | ] PO
Dec. 13, 1887__| Lynchburgh, Va___..___. 46 —16 5 B O
Dee. 7,1888__|..c-do . 42 —18 —10 | __________
Jan. 6,1880__| Washington City ... 50 —192 IO O S
Jan. 10, 1880._| La Crosse, Wi vocemanon 49 —31 —40 l ..........
Jan. 18, 1880._| Indianapolis, Ind —__..___ H5 -=19 —23 -
Jan. 3,1881._[ Des Moines, Jown .o ___ PR —924 12 | e am
Jan. 14, 1881_.] Fort Sill, Ind. 4 A 67 —50 —30 .-
Jan, 22, 1881__{ Fort Smith, Ark..._..... 28 — 8 — B feeeeeanns
Jan. 9,1882__| Louisville, Ky ——cee . 57, —923 —16 el ao-
Jan. 10, 1882 __| Washington City _..._._ 45’ —15 —1e -
Jan. 12, 1883..| Augusta, G - cveaeanno 36 —13 L 1A
Jan. 19, 1883__) Dodge City, Kans__.._... 22 —38 —30 oo
Jan. 12, 1884..1 Mobile, Ala--vcvuennenns 58 —28 32 |oeeae
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TABLE X.~—COMPARISON OF OBSERVED AND COMPUTED GREATEST TEMPERATURE-
FALLS IN CoLD. WAVES—Continued.

Temper-| OPserved Computed | Observed
Date. Place. ntufe tempera- | tempera- | extent of
" | ture-fall. | ture-fall. |cold wave.
A
. ° o o o
Jan. 15, 1884 _| Washington City ..__.--.- 33 —15
Jan. 3,1885._| Charlotte, N. C___....__. 22 —11
Jan, 26, 1885-.| Columbus, Ohio ... 30 —22
Jan, 22, 1686 -| Frie, Pa .o coooomees 37 —91
Jan. 2, 1887..} Wilmington, N. C . .._... 59 —34
Jan, 11, 1887__ Washington City .._. ... 25 —13
Jan., 2, 1888._| Knoxville, Tenn..__._.__. 54 —30
Jan. 6, 1888__| Philadelphia, Pa ... _. 38 . —12
Jan. 14, 18R8._( Toledo, Ohio ... .___. 40 —36
Jan. 5, 1889_.| St. Louis, Mo... _._..__. 40 —10
Feb, 8, 1880__| Pittsburgh. Pa .. .. _. 35 —23
Feb. 9, 1880._| St. Paul, Mion ... 30 —40
TFeb. 26, 1880--| Chicago, I} _ ... ... 54 —15
TFeb. 17, 1881 ..| Pittsburgh, Pa ... <. -__. 36 —16
Feh. 20, 1881__| Norfolk, Va . _____. <. 65 —32 )
Feb, 9, 1882..| Shreveport, La __.oo—.._ 60 —20 —20 |cccceeeee
Feb. 10, 1882..| Nushville, Tenn__....___. 56 —18 —19 jeeemeeee ‘
Feb. 18, 1883.-| Washington City ... 60 —30 —31 |eccemaol
Feb. 14, 1884 ._| Cincinnati, Ohio ... ... 55 —35 32 ecooeeao
Teb, 15, 1885..| Kansas City, Mo....--._. 19 —11 P %
Feb. 17, 1885..| Toronto, Ont - .. _....___ 29 —10 —3Y ..
Febh. 5, 1886__| Charlotte, N. C.__..._.._ v 21 —14 —19 |-
Febh. 22, 1887 Fort Smith, Ark___.._._.. 43 —11 —19 |ceceeeaa--
Feb., 6, 1888._| Chicago, Il._ . ._____.__. 24 —18 | —20 ficcimals
Feb. 9, 1889..| Memphis, Tenu .___.____. 46 —12 —13 bl
Feb. 18, 1889__| Palestine, Tex.._ ... ___. a6 —28 —28 s
Mar. 8, 1880_.; Alpena, Mich ____._.__.___ 34 —30 —18 i .
Mar. 28, 1880-_| St. Louis, Mo._ ... 6 —19 —17 jeccnoeoa
Mar. 9, 1881..| Keokuk, Towa_ ... ._._.. 34 —11 —10 |-
Mar, 27, 1881._| Augusts, Ga. ... 62 —22 s
" Mar. 11, 1882._| New York City ... ... 60 —15 —14 | -
Mar. 3, 1883._| Pittsburgh, Pa __._.._. H4 —26 7 S PO
Mar. 24, 1883..| Nashville, Tenn.___._____. 43 —13 —19 b oo
Mar. 10, 1884__{ Wilmington, N. C....... .. 61 —23 ] DO
Mar, 7, 1885../ St. Louis, Mo.___. ___... 42 —11 11 e
Mar. 17, 1886--| Lynchburgh, Va _________ 55 —17 16 fecce e
Mar. 12, 1888__| Charleston, S. C ____.____ GO —24 —26 i ame
Mar. 13, 1888..} New York City .___..___. 24 —18 B [ 1 PO
Mar, 1, 1889__[ D’alestine, Tex. .........- 62 —16 1 P
Mar. 15, 1889 .| Concordia, Kans ... _..__. 52 —28 —27 lceieeee
I

This method of computing the greatest fall is on the whole quite satisfactory, and is
well adapted for use on account of its simplicity. A more accurate method could be
devised involving consideration of pressure gradient and prospective extent of cold
wave, but its complexity would detract from its practical value. This method is only
to be used for computing & temperature-fall when there is a gradient of pressure of at
least 0.5 of an inch in 500 miles, extending over a distance of at least 500 miles,

When the temperature gradients are comparatively slight, there heing only three or
four isotherms from the center of low pressure for a distance of 500 miles towards the
northwest, the computed temperature-fall by the adopted rule is apt to be less than the
actual fall in some instances. This corresponds to the cases referred to, in computing
the extent of cold wave, where the extent of fall in temperature depends not only on
the closeness of the isotherms, but also independently of the isotherms on the extent of
low pressure. In this case, instead of computing the fall by the method described, it
has been taken as five-sixths of the difference in temperature from the center of the low
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area for a distance of 500 miles towards the northwest, where the whole difference in
temperature in that distance is not more than 30°,

This method does not provide for the cases where the greatest fall of temperature is
not near the center of the low. But even if the vicinity of actual greatest fall is not hit
upon, the temperature-fall computed will approximate closely to the actual all at the
point choser. ' ’

The differences hetween the computed and observed greatest fall in temperatare are
pot entirely satisfactory, but is the best that can be done without resort to great com-
plexity of computation. The differences of the falls, computed minus observed, are -
shown in Table XI, arranged according to the magnitude of the fall. Column 1 con-
tains the differences for all the falls hetween 10° and 20°; column 2 for those hetween
20° and 30°, etc. The probable error of a computed fall of temperature from the whole
series of differences, 291 in number, is -}-4.5. The probable error for the group of 57
between 10° and 20° is -|-2.7; for the8 hetween 20° and 30° 4.4.5; for the 48 hetween 30°
and 40°, 4.4.6; for the remaining 39, all greater than 40, the probable crror is .1-6.5.

TABLE XI.—DIFFERENCES 0F CoMPUTED AND OBSERVED GREATEST IPALLS OF
TEMPERATURE IN CoLD WAVES.

[Computed minus observed.]

| |
! Fallof 10° | Fallof 20° | Fallof 30° | Fall of 40° ; Fallof 50°
| to 200, to 30°. to 40°. to50°. | 10 GO°
| A I A - -
I +8 -+ 3 — G + 1| + 3
2 +13 4 5 +11 4-16
+3 + 4 — 9 —+18 + 3
+-2 0 + 3 4-12 41
“+4 + 6 —12 4-13 0
+3 0] - =7 —7
Fo 6 — 5 +13 ‘
+6 -5 + 2 + 8
+4 +11 49 0
—6 + 3 417 —5
i 0 + 6 —16 +11
: 0 + 5 + 5 0
+5 -1t ! — 1 —6
—2 -2 — 2| + 9
+2 —10 — 8 — 4
+3 —3 +10 | —1
-0 4 8] — 1 i~ 6
4-9 — G +15 ‘4 8
—3 —1 l — 5 --13
15 13 — 6 13
45 — 1 —1 -7
45 2, 49 —16
—3 41 — 4.2
—1 47 + 8 —1
—1 — 1 - 7 — 1
+4 + 4 — 6 —16
41 —10 -+ 6 + 1
-|-2 -7 — 2 49
-5 4- 6 0 +14
+4-5 43 — 8 + 6
0 —14 0 + 6
-3 — 5 —10 —18
—4 — 6 4+ 4 13
4-3 —14 7 4 9
43 -3 -3
—4 — 4 + 2.
-2 + 7 -5
+8 + 8 4+ 3
| 42 4 8! 48
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TanLy <L-—DIFFERENCES oF COMPUTED AND OBSERVED GREATEST FFALLS OF
TEMPERATURE IN CoLD WaAvis—Continued.

Fall of 10° | Thall of 20° | Fall of 30° | Fall of 40° | T"all of 50°
<10 20°. 1o 30°, to 4Q°. to 50°. to 60°.
-9 | B b1
—A 410 — 2
—7 R -6
-1 o4 5 |- 8
-1 42 q1-3 1
—2 L1 . 111
—5 PT j- 2
—8 — 4 — 1
— D L3
—1 — 2
19 46
|1 — 1
41 0
~G 0
0 —1
41 42
0 — 1 ;
43 9 !
-1 i
| | | .

Tho following is tho distribution of the errors in 201 cases: In 14 cases the error is
03 in 26 cases ib is .19 in 24 cases, 120 ; in 22 cases, -}-3°; in 14 cases, 1-4°; in 19
cases, 4-59; in 19 cases, -}-6°; in 10 cases, L7V in 15 cases, -89 in 8 cases, -|-9° 5 in
h enges, .10V ; in 4 cases, 41195 in 3 cases, J-1295 in7 cases, 4-139; in 3 cases, --14°;
iu 1 case, 15°; in 4 eases, -}-167 1 in 1 easo, 177, and in 2 cases, 18°.

The plus signs predominate in the differonces. Tho computed fall for 10° to 20° is, on
the uverage, one dogreo less than the observed ; botween 20° and 30%, two degrecs less;
between 30° and 40°, half a dogreo less; botweon 402 and 500, four degroes loss, and
greator than 500, five dogroos less. On the averago for ull cases the computed maxi-
mum fall of temporaturo is two degrees lower than the observed.
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The extent of fall of temperature on the average varies with the magnitnde of
greateat tomperature fall, but the extent of fall can not be used to advantage to de-
“termine the greatost fall, as will be seen from the comparison given below.

TRMPERATURE AT PLACE OF GREATEST TEMPERATURE FALL, GREATEST FALL AND
LEXTENT OoF CoLD WAVE,

frmrm e
200 to 30°. 300 to 409, | 40° to HeO. . { 5004-
|
e = s = N
g2 18 18 |S 1802 18 1B & |3
388158 ¢ Sgisg| s 818 5|88 ¢¢
e |wo g2 & “;55‘;,3|5i‘s;,‘5d,5 wi (g
g. Se 8¢ g‘):“lg‘g.g‘t—d,gk"é‘ Sw gk
513 ¥ 5w B |2 5 Ik g3 7]
& RIA B oM :mﬁ.:«.:u lFﬂ{E—‘\F& lm
— o CTI e
| | ! !
I R RS N N
62 | —27 | 10| 63 —30 14| 701 —42 | 2| 68| —58| 31
71| —29. 11| 67{—31; 14| 70! —46, 24| 60 | —60 | 40
63| —23 (1 5 (s_m-:ssg'nl 62 —40 ( 27| 641 50| 32
65| —23 | 12| 681 —321 21! 561441 32| 63|54 27
631 —231 7| 64{—33! 16} 611 —at! 2
58 | —27 ! 7| 631 —30,; 25| 32!-—42, 37 I
—25| 9} 63134, W W7 —45, 19
—20 | el 74391 17| 64| —41| 21
—25 7 5| 68 | —337 13| 30, —48 | 28| |
66| —20! 5| 46| —30| 14| 42! —a2| 21, l
34 | — 8| 50| ~35, 5| 32! —42| 21, |
—90| 15| 60| -—32 27| 601 —d4 | 32, (
6o | —23] 21| 52| —32] 10 51 ' —41] 31 l !
181 60 —34| el 37| —45) 27 l
89 | —18| 6| 35|—35, 12| 60;—44 | 60| l
65 —v9 | 20| 60)—na | B1) 67 —45] 17 )
65 (—2l| 101 40| —32{ 10| 47 ;—41| 31 1
63| —929| 20| 31181 14| 48, —d3| 44 -
69 (| —26| 19| 47 —39! 161 31 —45| 19 -'
49 | —93| 8| 8|32 28 | 70| —45 | 26 J
58| —gly 11| 66)—30) 10} 53 —a2) 2
54 | —21| 7] 59| —31] 18] 58| —401 34 ‘
64207 6| 66! —u0l 141 37 —40) 16
63 —o3 ! 12] 40| —30 14 30| —42] 19 [
6o} —28 7! s3] —33; 1w a4l —a0) 26
281 —98| 0] 46| —38| 17 8| —43| 28
68| —24| B8] 48| —34| 19) 45| —ad] 2
64| —24 | 20| o56(—30! e1 ! 34 —a2| 12
36| —2 10! 53| —30) 8] 48, —41| 14
Bl —22| 6| a6 -30l 21| 62| —a2| 20
64 | —26| 6| 53| —s8| 35| 66 —42]| 17
621 —267 18] 661 -2 20! 45| —42) 34
58 | —21] 3| 5430 15] 62 ’ —44 | 38
98| —231 29) 60 —36) 22| 33 —40] 29
63| —29 | 18| 54 | —y2| 3| 456 —40[ 8
56 | —26 | 20 , 67 | —a2| 23
50 | —24 | 15 | G3 | —44 | 38
e | |
46 | — 3 | ~40 1 16
51| —20 1(}‘ 36 | —46 | 20
58 | —25 W —40 ) 92
4] —97| 2 56 | —40 | 20
61] —26| 4
64 | —21| 4 |
30 | —21| 19 ] 1 l
50 | —20 | 12 1 |
59 | —27 | 13 | [ ( i
60| —271 16 i, | ; ;
i _
Mean..| 12 Morm..; 17 Mean.. 26' Mean..|] 33
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The exient of cold wave or quantity of fall in the cone of temperature fall being
derived, as previously described, and the maximmn temperature fall being computed,
the noxt step will be to derive from these two datu the area inclosed by the 20° fall
curve. The extent of temperature fall as computed, however, instead of beini; a
cone, is more accurately a cone of fall greater than 10° surmounting an elliptical cylin-
der of 10 fall.

Table XII gives tho contents such a figure bolow the 10° full curve, when the
contents of the whole figure is known, and its altitnde, which is the maximum tem-
perature fall expressed in units of 10°. The top row of figurcs gives the greatest
tomperature fall. The first column gives tho total extent of cold wave, the unit
being o 10° fall over an area of 100,000 square miles.

TaBLE XIL—EXTENT OF TEMPERATURE IFALL Brerow 10° TEMPERATURE-FALL

PLANE.
-
£g
2 = Greatest temperature fall.
Sk
w2
;5 S 1 200, | 260, | 800, | 35°. | 400, | 45°. | H0°, | 65, | GO°,
2| 1.5} 1,4 12 1| LOf LO| 091 0.9] 0.8
4 3.0 27| 24| 22| 2.0 1.8 L7! L6} LS
6] 4.5 4.0} 3.6 33| 3.0 28] 20| 24| 2.2
8] 60| 5.4| 4.8 44| 4.0 3.7 3.4 3.2] 3.0
10| 7.6 6.8} 6.0) 5.6 6.0 47) 43| 40| 3.8
12| 9.0 81| 7.2| 66| 6.0} 5.6 5.2, 4.8 4.5
14 |10.5| 9.5| 84| 77| 7.0 65| 6.0| 5.7 5.3
16 | 12.0 | 10.8! 9.6 | 88| 80} 7.6 | 69| 6.4 6.0
18 (13.6 12,2 {10.8] 9.9 90| 83| 7.7| 7.2 6.8
20 {150 13.5}12.0 1 11.0 | 10,0 | 9.3 ] 86| 8.0} 7.5
22 16,5 | 14.81 13,2 1211110 |10.2} 9.4| 88| 83
24 118,01 11,2 | 14,4 (13,2 | 12,0 | 11,2 | 10.3 | 9.6 | 9.0
26 |19.5[17.6 ] 15.6 | 14.3 | 13.0 | 12.0 | 11.1 | 10.4 9.8
28 (21.0}18.9116.8|15.4 | 14.0 | 13.0 | 12.0 | 11.3 | 10.5
30 | 22.5|20.2 | 18.0 | 16,5 | 15.0 | 14.0 12,9 { 12.1 | 11,3
32 (24.0 | 21.6(19.217.6 | 16.0 | 14.8 | 13,7 ; 12.8 | 12,0
34 {95.5]23.0(20.4|18.7|17.0| 15.8]14.7 | 13.8 | 12.8
36| 27.0 | 24.3(21.6119.8]18.016.7 | 16.4 | 14.4 [ 13.5
38| 928.5|95.6228]20.9(19.0|17.7]16.3}15.3]14.3
40 1 30.0 | 27.0 [ 24,0 ] 22.0] 20,0 | 18.6 | 17.2 ! 16.1 | 156.0
42 131.6 1284 126,2123.1|2.0]19.56|18.016.9]15.8
44 | 33.0 | 29.7 | 26.4 | 24.2 | 22.0 | 20.4 | 18.9 | 17.7 | 16.5
46 | 34.5 | 31,0 | 27.6 | 5.3 | 23.0 ) 21,4 | 19.7 | 185 | 17.3
48 [ 36.0 | 32.4 128.8126.4 24,0223 ]20.6]190.3(18,0
50 | 37.56 | 33.8 30,0 | 27.5 | 25.0;23.2 1 21.4 | 0.1 | 18.8
52 130,01 351]31.2928.6]206.0(24.2]22.31}20.9](19.5
54 40,5 [ 36.4)32.4 207270251 ;23.2]21.8][20.3
56 | 42.0 | 37,8 1 33,6 | 30.8  23.0 | 26.0 | 24,0 | 2.5 | 21.0
68 | 43.5 | 30.2 1 34,8 ( 31.9 1 29,0 | 26.9 | 24,9 | 23.4 | 21.8
GO | 45.0 | 40.5 | 36.0 | 33.0 | 30.0 | 27.8 1 25,7 | 24.1 | 2.5

The numloer derived for the extent of cold wave below the plane of 10° fall when
}n?lltiplied by 100,000 gives the arca in square miles inclosed by the 10° temperature-
all curve.
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Table X1II gives the area in square miles inclosed by the 20° full curve for various
maximum temperaturoe falls and varions extents of fall above tho plane of 10° fall.
This latter is the difference between the toral extent of fall and the extent of fall
below the 10° fall-plane as derived from Table XII.
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TABLE XIIL.—AREAS OF T'WENTY-DEGREY; TEMPERATURE-FALL IN SQUART: MILKS.

Extont of
temper-

ature-fall: -~ -

above
10¢ plane.

220,

10, 000
10, 000
20, 000
20, 000
30, 000

30, 000
40, 000
50, 000
60, 000

70, 000

70, 000
80, 000
90, 000
90, 000

100, 000

100, 000 -
110,000 °

120, 000
130, 000
140, 000

140, 000
150, 000
150, 000
160, 000
170, 000

180, 000
180, 000
190, 000
190, 000
200, 000

200, 000
210,000
210, 000
220, 000
230, 000

’
4

R4,

20, 000
30, 000
50, 000
70, 000
90, 000

110, 000
130, 000
150, 000
170, 600
180, 000

190, 000
210, 000
220, 000
240, 000
260, 000

280, 000
300, 000
320, 000
340, 000
350, 000

370, 000
390, 000
410, 000
420, 000
440, 000

26, 98-, 500,

30, 000 30, 000 40, 000
50, 000 60, 000 80, 000
80, 000 90, 000 120, 000
110, 000 120, 000 160, 000
130, 000 160, 000 190, 000
160, 000 190, 000 30, 000
190, 000 220, 000 270, 000
920, 000 250, 00 310, 000
240, 000 200, 000 340, 000
70, 000 330, 000 330, 000
300, 000 360, 000 420, 000
330, 000 390, 000 450, 000
360, 000 420, 000 450, 000
380,000 450, 000 510, 000
400, 000 490, 000 560, 000
430, 000 520, 000 600, 000
460, 000 550, 000 610, 000
480, 00U 580, 000 630, 000
500, 00U 620, 000 720, 000
530, 000 660, 000 760, 000
560, 000 690, 000 790, 000
590, 000 720, 000 840, 000
620, 000 750, 000 8490, 000
640, 000 780, 000 900, 000
660, 000 820, 000 940, 000

460, 000
4130, 000
500, 000
510, 000
530, 000

540, 000
560, 000
580, 000
G600, 000
610, 000

Maximum tomperaturo-fall.

490, 000 860, 000

760, 000

710, 000 840,000 | 1,
740, 000 920,000 | 1,
960,000 | 1,
790, 000 990,000 | 1,

820,000 | 1,020,000 | 1,
850,000 | 1,050,000 | 1,200, 000
880,000 | 1,080,000 | 1,240,000

900,000 | 1.120,000 | 1,
930,000 | 1,150,000 | 1,310,000

970, 000
020, 000
06(, 000
091), 000
120, 000

160, 000

230, 000

.1, 060, 000

329,

40, 000
80, 000
120, 000
160, 000
200, 000

240, 000
280, 000
330, 000
350, 000
420, 000

460, 000
500, 000
540, 000
580, 000
610, 000

650, 000
690, 000
730, 000
770, 000
810, 000

850, 000
890, 600
9330, 000
970, 000
1, 020, 000

1, 100, 000
1,140, 000
1, 180, 000
1,220, 000

1, 260, 000
1, 300, 600
1, 340, 000
1, 380, 000
1, 420, 000
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TanLre XII1.—AREAS OF TWENTY-DEGREE TEMPERATURE-FALL IN SQUARE MILES—

Continued.
Extent of . Maximum temporature-fall.
tempor-
ature-fall{ -——- s ————- ——7— - " e -
abovo aos ar ) A o
100 plane.| 52 340, | 360, a0, 1 Ao 480,
e | e e e e
1 40, 000 40, 000 I 00, 000 40, 000 ' 40, 000 40, 000
2 80, 000 80,000 - v, 000 #0, 000 80, 000 80, 000
3 120, 000 129,000 , 130,000 1:20, 000 | 1220, 00V 120, 00V
4| 160,000 | 160,000 { 170,00y 170, 000 170, 000 160, 000
) 200, 000 210, 000 220, 000 220, 000 220, 000 210,000
[ G| 240,000 | 230,000 | 270,000 970,000 | 260,000 250, 000
] 71 990,000 | 280,000 | 310,000 310, 000 | 310, 00V 300, 000
L] 330, 000 330, 000 350, 000 350,000 ! 360, 000 |. 340, 000
9 1330, 000 3380, 000 400, 000 300,000 | 400, 000 380, 000
10 420, 000 430, 000 440, 000 440, 000 ; 440, 000 430, 000 |

11 460, 000 470,000 480, 000 480, 000 490, 000 470, 000
2 500, 000 510, 000 530, 000 530, 000 630, 000 510, 000
133 540, 000 H50,000 0 570,000 580, D0V 580, 000 | 660, 000
14 580, 000 600,000 | 610,000 630, 000 620, 000 (00, 000
15 610, 000 640, 000 660, 000 470,000 660, 000 440, 000

16 { 650,000 | 680,000 | 700,000 710, 000 710,000 ; 680,000
17 690,000 | 720,000 | 740,000 750, 000 750,000 | 730,000
18 | 730,000 |- 760,000 | 78y, 000 790, 000 800,000 1 780, 000
19 770, 000 800, 000 820, 000 240, 000 840,000 | 820,000
90 | 810,000 | 850,000 | 870,000 890, 000 880,000 1 860,000
. |
21 | 850,000 | 890,000 | 920,000 930, 000 920,000 ; 900, 000
22 | 890,000 | 930,000 | 960,000 930, 000 970, 00V | 940, 000
23 030, 000 970,000 © 1,000,000 ; 1,030,000 @ 1,010,000 | 990, 000 |,
24 | 970,000 |"1,010,000 ;1,040,000 y 1,070,000 | 1,060,000 1,030,000
25 | 1,020,000 { 1,060,000 | 1,090,000 [ 1,110,000 = 1,100,000 | 1, 070, 000

26 | 1,060,000 1 1,110,000 : 1,130,000 | 1,150,000
27 | 1,100,000 | 1,160,000 | 1,170,000 | 1,190,000 :

1,140,000 ¢ 1,110,000
1,190,000 ' 1,160, 000

9 | 1,140,000 | 1,210,000 | 1,210,000 | 1,230,000 {" 1,240,000 * 1,200,000
99 | 1,180,000 | 1,250,000 | 1,260,000 | 1,280,000 ! 1,280,000 ' 1,250,000
30 | 1,220,000 | 1,280,000 | 1,310,000 | 1,330,000 ' 1,320,000 ; 1,290,000

i
|
31 | 1,260,000 | 1,330,000 | 1,360,000 | 1,370,000 1,370,000 ’ 1, 340, 000

r________.___.__________.

29 11,200,000 | 1,370,000 | 1,400,000 | 1,420,000 1,410,000 | 1,380,000

1,340,000 | 1,420,000 | 1,450,000 [ 1,460,000 1,460,000 | 1,420,000
34 | 1,380,000 | 1,460, 000 | 1,490,000 { 1,500,000 - 1,500,000 | 1,460,000
35 | 1,420,000 | 1,490,000 | 1,530,000 | 1,550,000 | 1,540,000 | 1,500,000
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TABLE XIII.—AREAS OF TWENTY-DEGREE TEMPERATURE-FALL IN SQUARHA MIrig=s
Continuned.

Maximum tomperature-fall.

Extent of
temper-
ntuﬁe-l‘all e e e S
above F00
10° plane. 48°. h2
1 40, 000 40, 000
2 80, 000 80, 000
3 120, 000 120, 000
4 160, 000 160, 000
5 210, 000 210, 000
6 250, 000 250, 000
t7 300, 000 290, 000
8 340, 000 330, 000
9 380, 000 370, 000
10 430, 000 410, 000
11 470, 000 450, 000
12 510, 000 490, 000
13 550, 000 530, 000
14 600, 000 580, 000
15 640, 000 620, 000
16 680, 000 660, 000
17 730, 000 700, 000
18 780, 000 740, 000
19 820, 000 780, 000
20 860, 000 830, 000
21 900, 000 870, 000
22 940, 000 910, 000
23 990, 000 950, 000
24 1, 030, 000 1, 000, 000
25 1,076,000 1, 040, 000
26 1, 110, 000 1, 080, 000
27 1, 160, 000 1, 120, 000
28 1,200, 000 1,160, 000
29 1,250, 000 1,200, 000
30 1, 200, 000 1, 250, 000
31 1, 340, 000 1, 290, 000
32 1, 380, u00 1, 330, 000
33 1, 420, 000 1, 370, 000
34 1, 460, 000 1, 410, 000
35 1, 500, 000 1, 460, 000

240, 000
280, 000
320, 000
360, 000
400, 000

440,000
480, 000
520, 000
560, 000
600, 000

640, 000
680, 000
720, 000
760, 000
800, 000

840, 000
880, 000
920, 000
960, 000
1,010,000

1, 050, 000
1. 090, 000
1,130, 000
1,170, 000
1,200, 000

1,240, 000
1,280, 000
1, 320, 000
1, 360, 000
1, 400, 000

]

600. 640,
40, 000 40, 000
80, 000 80, 000
120, 000 120, 000
160, 060 160, 000
190, 000 190, 000
230, 000 230, 000
270, 000 260, 000
310, 000 300, 000
340, 000 340, 000
380, 000 370, 000
420, 000 410.000
460, 000 450, 000
500, 000 450, 000
540, 000 520, 000
580, 000 650, 000
620, 000 590, 000
650, 000 630, 000
680, 000 670, 000
720, 900 710, 000
760, 000 740, 000
800, 000 780, 000
840, 000 §20, 000
870, 000 860, 000
910, 000 890, 000
950, 000 920, 000
990, 000 960, 000
1,020, 000 1, 000, 000
1, 060, 000 1, 040, 000
1,100, 000 1, 080, 000
1, 140, 000 1,110, 000
1,180, 000 1,150. 000
1,220, 000 1,190, 000
1,260, 000 1,230, 000
1, 300, 000 1, 260, 000
1, 340, 000 1,290, 000
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From tho computed cxtent of temperature-full and the computed greatest fall of
temperature by moans of Tables XII and XIII, the areas of fall included by the 20©

and 10° temperature-fall lines are obtained given in Tablo XIV,

Thore is shown

alongside of them tho observed 10° and 20° tomperature-fall areas, and also the ob-
served and computed maximum falls of tomperature:

TanLr XIV.—OBSERVED AND COMPUTED TEMPERATURE-FALL.

[Aroens in square miles.]

Com- | Ob-
puted |served
great- | groat-
€8t est
Dato. fall of | fall of
tom- | tem-
pera- | pera-
ture, | turc.
O (6]
Oct. 16,1882 | —26 | —o7
Oct 8, 1884 —28 —30
Oect. 22,1884 | —21 | —3
Oct. 4,1885 —20 —23
Oect, 20,1838, | —25 , —93
Oct., 20, 1886 —25 —27
Oct. 24, 1887 —23 7 —28
Oct,  2,1888 | —17 i.......
Oct. 19,1868 | —25 |.......
Oct. 9,1887 | ~—25, —20
Nov. 19, 1851 —41 ¢ —42
Nov. 12,1882 | —35 | —46
Nov. 6,1883 ] —25 | —0
Nov. 12,1883 | —83 | —29
Nov. 5,1884 | —16' —u1
Nov. 23,1881 1 —22: —40
Nov, 24,1834 | —32 | —44
Nov., 30,1884 | — 8 ... ..
Nov. 13,1886 | —22 | —23
Nov, 23,1886 | —28 . —41
Nov. 26,1886 1 —31 | —i3
Nov. 20,1887 ;, —25 | —30
Nov. 23,1887 | —17 | —u8
Nov., 27,1887 | —43 | —42
Nov., 99,1888 | —%6 | —4
Nov. 12,1880 | —16 | —18
Dee, 21,1881 | —14 5 —92
Dee. 27,1883 —36: —45
Dec. 13,1884 | —32 i —6
Dee. 81,1884 —48 —A41
Dee. 5,188 | —18  —35
Dec, 21,1887 | —20 | —42
Dec, 28,1887 —38 ;. —12
Dec. 29, 1837 —48 —32
Dec. 25,1888 | —27 | —32
Dee. 25,1839 | —u5 | —34
Dee. 30, 1889 —306 —44
Jan, 14,1882 | —30 | —35
Jan, 17,1882 | —44 | —44
Jan, 14,1883 | —36 | —34
Jan, 18,1883 | —21 | —&
Jan, 19,1883 | —27 1 —30
Jan. 20,1883 | —~50; —a5
Jan, 6,1884 | —40 | —i2
Jan., 19,1884 | —28 | —dl
Jan, 1,1885 | —32 | —a3
Joan, 17,1885 | —45 | —45
Jan, 18,1885 1 —51 | —4

Computed
200 fall aroca.

Obsorved
209 fall arew.

Computod
10° {all area.

Observed
10© fall area.

36, 000
45, 000
10, 000
90, 000
46, 000
68, 000
33,000
70, 000
1, 200, 000
190, 000
65, 000
75, 000
20, 000
360, 000

T T530,000°
190, 000

430, 000
440, 000
700, 000
110, 000
185, 000
670, 000
170, 000
1,190, 000
970, 000
140, 000
700, 000
670, 000
660, 000
480, 000 |
960, 000 |

126, 000
170, 000
48, 000
26, 000
96, 000
287, 000
111, 000
27,000
508, 000
348, 000
350, 000
297, 000
96, 000
531, 000
672, 000
155, 000
456, 000
302, 000
203, 000
178, 000
801, 000
176, 000
30, 000
451, 000
51, 000
391, 000
863, 000
338, 000
564, 000
830, 000
80, 000
258, 000
749, 000
134, 000
1,101,000
554, 000
96, 000
213, 000
1186, 000
210, 000
703, 000
1, 060, 000
415, 000
439, 000

970,000
250, 000
290, 000
750, 000
610, 000
470, 000
620, 000
975, 00V
340, 000
680, 000
1, 380, 000
550, 000
610, 000
740, 000
520, 000
680, 000
1,050, 000
500, 000
470, 000
2, 520, 000
420, 000
1,220, 000
750, 000
1,150, 000
1, 480, 000
1,050, 000
1,125, 000
770, 000
240, 000
720, 000
1, 350, 000
1,920, 000
1, 000, 000
1,250, 000
750, 000
550, 000
1, 870, 000
660, 000
9, 390, 000
770, 000
600, 000
840, 000
1,250, 000
1, 500, 000
2, 080, 000
760, 000

1,720, 000

581, 000
§38, 000
285, 000
848, 000
491, 000
400, 000

1,928, 000
911, 000
556, 000
294, 000
854, 000

1,134, 000

1,115, 000

1, 187, 000
717,000

1,370, 000

1,399, 000

. 372, 000
365, 000

1,091,000
596, 000
784, 000 .
716, 000

1,427, 000
422, 000
£29, 000
373, 000
930, 000
378, 000

1,062, 000 °

1,576, 000

1,136, 000
906, 000

1,179, 000
589, 000
361, 000

1, 460, 000
683, 000

2,929, 000

1,654, 000

1, 676, 000
558, 000
772, 000
528, 000

1,376, 000 -
1,970, 000
844, 000

1, 344,000
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TasrLr XIV.—OBSERVED AND COMPUTED TEMPERATURE-FALL—Continuod.

Date.

Nov:
Nov..

97,
7, 1886

Com-

puted

greut-
esi,

fall of

tem-
pora-
ture.

Q
—R7
—A40
—33
—44

—42
—36
—20
—R7
—35
—37
—34
—58
—44
—20
—i1
—42
—4b
—30
—14
—35
.40
—41
—0O8

—30

—n1

—44
—2
—40
—33
—206
—40
—306
—i34

—40 .

—206
—32
—R7
—34
—31
—30
—46
—22
—28
—20
—20
—37
—33
—41
—30
—10
—21
—10
—26
—17
—42
—18

Ob-

served

groat-
est
fall of
ten-
pera-
turo.

—31
—34

—4

—i2
—20
—20
—31
—38
—32
—33
—18
—21
—19
—20
—2
—30

—20

Computed
20 {all arca.

100, 000
440, 000
260, 000
920, 000
670, 000
530, 000
110, 00U
170, 000
340, 000
230, 000
390, 000
530, 000
170, 000
350, 000
750, 000
140, 000

260, 000
670, 000
350, 000
320, 000
160, 000
420, 000
800, 000
40, 000
440, 000
700, 000
1330, 000
580, 000
340, 000
550, 000
170, 000
50, 000
290, 000
1:20, 000
185, 000
190, 000

230, 000 |

320, 000
50, 000
110, 000

100, 000
400, 000

Obsorved
20¢ fall arca,

Computed
10 fall area.

314, 000
307, 000
021, 000
660, 000
476, 000
513, 000
235, 000
119, 000
506, 000
164, 000
1272, 000
337, 000
064, 000
184, 000
198, 000
845, 000
960, 000
1565, 000
60, 000
201, 000
606, V00
215, 000
2e8, 000
426, 000
506, 000
015, 000
140, 000
446, 000
912, 000
440, 000
3506, 000
372,000
634, 000
spot.
41, 000
490, 000
216, 000
8, 000
218, 000
27, 000
478, 000
284, 000
42,000
280, 000
282,000
271, 000
481, 000
334, 000

—

-

320, 000
57,000
567, 000

70, 000 |

G40, 000
1, 050, 000
870, 000
1, 860, 000
1, 400, 000
1, 430, 000
540, 000
1, 080, 00U
900, 00U
660, 600
600, 000
1, 070, 00U
080, 000
660, 000
800, 0V0
1, 480, 000
540, 000
750, 000
720, 000
1, 550, 000
800, 000
490, 000
600, 000
760, 000
1, 640, 000
1,710, 000
1, 000, 000
1, 930, 000
1, 080, 000
1, 350, 000
940, 0110
1, GOV, 00O
400, 000
400, 000
750, 000
840, 600
550, 000
720, 000
960, 000
650, 000
1, 860, 000
640, 000
1, 350, 000
1, 200, 000
280, 000
1,250, 000

600, 000
600, 000
300, 000
1, 430, 000
520, 000
780, 000
1,200, 000

Observed
10° fall area.

730, 000
739, 000
1, 099, 000
1, 754, 000
1, 390, 000
1, 046, 000
(40, 000
1,270, 000
921, 000
1,047, 000
739, 000
872, 000
1,381, 000
909, 000
489, 000
1,377,000
1,788, 000
787, 000
683, 000
951, 000
1,343, 000
319, 000
1, 262, 000
786, 000
1,204, 000
1, 602, 000
499, 000
046, 000
1, 666G, 000
780, 000
1, 058, 000
1,158, 000
1,411,000
233, 000
222, 000
1, 028, 000
1, 122, 000
796, 000
916, 000
900, 000
1, 134, 000
1,112,000
156, 000

! 0967, 000
972, 000
733, 000
970, 000
1, 043, 000
818, 000
399, 000
604, 000
91, 000
1,102, 000
490, 000
930, 000
385, 000
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TABLE XIV.—OBSERVED AND COMPUTED TEMPERATURE-FALL—Continued. )

- - .
Comt- - Ob- i
puted ! served !
great- | great- .
Dato ost | est Clomputed Olbserved Computed | Obsorved -
. fall of i fall of . 20° fall area. | 20° fall area, :10° fall aroa.'10¢ fall avea.
tom- | tem- ;
pera- pera-
ture, | ture. H
e | = I A - [, [R U MU
Lo ;
G ! <O H
Nov. 8,180 | —90  —25 \iceeieeon-. 50, 000 30, 000 793, 000
Nov. 13,1885 | —27 1 —34 | 110, 000 460, 000 740,000 | 1,498,000
Nov. 18, 1856 IO | — [ 480, 000 421,000 930, 000 729, 000
WD ChTE sl we sim e
ov. 28, 18z —34 1 =24 i, p o 246,
Dec. 9,185 | —28 —2 120, 000 103,000 : 630,000 597, 000
Dee. 13,1886 | —13: —165 loeeieaaooe T 1, 000, 000 178, 000
Dec, 20,1887 | —101 —48 1._.ooo.oeeee | 723000 1 oanren ..t 1,245,000
Dee. 11,1889 | ~-R7  —26 | 00, 000 | 334, 000 . 520, 000 1 1,022,000 .
Jan, 15,1831 —40 ¢ —i45 | 319,000 | 848, 000 | 700,000 ; 1,097,000
Jaw Sl owo—wo o Whon. a0t L0
Mar, 21,1866 | —uf | —o7 ! 130, 000 | 144,000 | 1,480,000 . 772,000
Nov. 26, 1883 —40 . —40 370,000 830, 000 860, 000 | 1,266, 000
Dee. 29,1880 | —30 —40 | 260, 000 ; 366, 000 | 960, 000 | 1,392,000 -
Jan, 21,1887 | —21 - -40 lii.e...... | 239,000 1.l ! 8496, 000
Jan, 30,1887 | —33 ¢ —d2 | 170,000 | 470,000 | T 7500,00070 791,000
Jan, 1,1888 —41 | —40 ' 500, 000 393,000 | 1,150,000 i 1,423, 000
Jan, 17,1830 | —17 1 —32 i iecai|irercetineaan] e oo 1, 458, 000
Fob, 81835 | —15 | —e2 o010 244, 000 620,000 | 923,000
Teb. 19,1887 —2% : —20 40, 000 i 140, 000 1, 730, 000 499, 000
o bl | TRl | )
el 20,1888 | ..o, L 25, BRA
Mar., 12,1824 —40 ' —32 680, 000 ‘ 468, 000 1, 300, 000 liOl(i, 0o’

"The agreement of the computed arous of tomporature-fall with thoso that actually -
occurred, in many cases is not close, but they are novertheless tolerably satisfactory.
"Tho real efficiency of the method can only Lo soon from a comparison of tho computed
temperaturo-fulls for tho varions placos with those actually obsorved. This wonld
require so mueh space that no attempt will bo mado to make tho display hore. In
tho case of a very flat cono of temperaturc-full a differenco of a few Aogmus in the
falls of tomporature at a number of poiuts will mako a vory great difforence in tho
area inclosed Ly the 20 temperature-full line,  On Octobor 4, 1885, for instance, the
obgerved ares of 20° tompernture-tall iy 26,000 squaro miles, and that of the 10° tem-
perature-fall 848,000.

Alpena, with o fall of 21+, and Detroit, with a fall of 239, are the only places insido
thoe 20° curve. At numerous othor places the falls are 16°, 18°, and 199,

If tho fall of tomperaturs had been 59 wroater at 16 stations, the area covered by.
the 20° full curve would bavo been 600,000 square miles. .

T SHAPE AND THE POSITION OF TIE TEMPERATURE-FALL ARKAS.

The shape of the temporaturo-fall aroas in more than 90 por cont. of the cuses of
oold waves is olliptical with tho long axis lying from northeast to southiwest, Where
the aroas lies differently, the roasouns for it are not always apparont. The lonyg axis
of an area of fall is usually parallel to the Tong axis of the low aroa of pressure pre-
ceding. It is sure to extend in the direction in which tho low area is open. This
is nlso parallel to the gonornl direction of the isothermal lines. ’ :

The type of map which has a low, not very decp, about 29.7 inchos at center in
Toxas, with an extensive high area to the north of it, with cup-shaped isothorms in
the region of high pressure, has the long axis of temperature-fall ares directly north
and sonth ip most instances.

"Tho 20° temporature-fall aroas groator than 200,000 square wiles may bo divided
into three classes. )
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In the first class, which isthe most numetous, that in wliichtlie bigh atea of prressute
38 to the northwest of the center of low pressure, the mean of 54 cases gives the Jong
axis northeast to southwest 2.5 timos that of the short axis porpendicular to it and
running from northwest to sonthoast.

In the second class, where the high pressure is sonthweost of the low ceuter, the
mean of 13 cases gives tho long axis 4.0 times that of the short one.

In the third case, that of exceptionally long arcas of low pressure, and doublo
v-shaped types of low pressure, the long axis as given by the moan of 18 crses is 5.0
times as groat as the short axis. .

On the wholo no definite rule can beo given for finding very accurately the shape of
the 20° temperature-fall areas. ‘Their sbapes vary within wide limits. 'The greatest
length of axis approximates the lougest dlametor of the lust ronuding isobar of
the low area of pressure. The longth of distrivt through which the isotherms avo
olose together and nearly parallel i3 some indication of the longth of the axis. As &
rale if the isotherms to the vast, near the low centet, are closer together thau farther
to the west, it isan iudication that the long axis of the 20° temperature-fall area will
be very much longer than the short axis. In the case of a high area of pressure to the
southwest, it will bo at least a8 long as the distance from the center of tho low to the
sontheast front of tho area of high pressure.

The shape of the 10° temperaturc-fall area pretty generally conforms to the shape
of the 200 full arca, for arcas with the ratio of tho axis up to 4.0. For very groab
areas, it is not possible to measure the long axis of the 10° fall area accurately, the
area usually extending beyond the limits of the region coverod by observiug stations.

Table XV gives for a number of the greatest cold waves, the obscrved longth in
miles of the long and short axis of the 200 temperaturo-fall areas and their ratios, also
the ratios of the axis of tho 10° fall arcas.

TaBLE XV.—RATIO OF AXES OF 20° AND 10° TEMPERATURE-FALL AREAS 01 200,000

SQUARE MILES OR MORE.

RO L ARUREDIAINTSONWCS RN CGOTNN S

[ i @
Length of axes20° | Length of axes 200 . 3
fall area. RGN fall area. L
I N -
Date. : ; , o | Date. . ; R
2% |24 S =% 2s |88 S 128
‘ & [=3 - = o @ =B = ==
s g% & & | S |a% | & |&
. \ _
Miles. | Miles. . | Miles. | Miles.
Oct. 8,1884 | 960 ] 300 3.2 l 2,0 | Jan. 17,1885 1 900 ] 600 | 1.5 1
Noy. ¢,1880 600 | 600 | 1.0!' 2.0 | Jan. 18,1855 | 1,500 ;1 400 | 3.8 1.
Nov. 10,1831 | 1,300 | 300 | 4.3} 2.6 | Jan, 25,1885 ;1,050 | 400 | 2.6 3.
Nov. 20,1881 | 1,100 { 250 | 4.4 | 3.0 || Jan. 9,1886 700 11,000 [...... 2.
Nov, 12,1882 | 1,150 | 3u0 | 3.8 | 2.0 )i Jan. 17,1887 | 1,600 | 500 | 3.2 9.
Nov, 13,1862 | 1,700 ¢ 200 | 8.5 \ 4.0 || Jan. 18,1887 | 1,500 | H00 ) 3.0 2.
Nov. 14,1882 | 1,200} 3001 4.0 1 3.4 || Jan. 21,1887 700 | 500 | 1.4 2.
“Nov. 6,1883 11,2001 350 | 3.4 =6 l Jan. 24,1887 1 1,100 | 450 | 2.4 3.
Nov. 7,1883 950 150 | 6.3 1 3.6 | Jan, 30,1887 | 1,100 | 600 1.8 1
Nov. 12,1483 306 | 600 | 1.3 l 1.6 || Jan., 1,1833 | 1,100 | 450 | 2.4 4
Nov. 13,1843 [ 1,100 | 200 | 5.5 5.6 || Jan. 8, 1888 950 | 400 | 2.4 R
Nov. 26,1883 | 1,300 {1,000 | 1.3 i 1.8 || Jan. 20,1888 800 | 500 1.6 2,
Nov. 27,1833 | 1,700 | 400 ; 4.2 : 3.3 | Jan. 9,18389 { 2,100 | 800 | 2.6 d.
Nov. 23,1884 | 1,600 | 000 | 1.8 | 2.0 || Jan. 17,1889 | 1,400 | 400 | 3.5 1.
Nov. 24,1884 | 1,600 | 500 5 3.2 1 2.2 1 Feb. 20,1880 | 1,500 | 700 | .1 3.
Nov. 13,1885 | 1,300 | 350 | 3.7 [ 3.2 || eb. 4,1833 | 1,200 300 | 4.0 2,
Nov. 13,1886 7001 250 | .81 2.0 Job. 17,1833 | 1,900 | 600 3.2 3.
Nov. 18,1886 | 1,050 400 | 2.6 | 1.7 || Deec. 28, 1887 | 1,400 | 400 | 3.5 2.
Nov. 23,1886 | 1,050 | 500 | R.1: 2,0 ) Dec. 29,1887 | 1,400 | 650 | 2.2 2.
Nov. 26, 1886 800 | 430 | 1.8 LG |l Dec, 11,1830 | 1,400 | 400 [ 3.5 3.
Nov. 20,1887 700 | 450 | 1.6 ] 1.6 | Dec. 25, 1889 B0 | 260 | 3.4 2.
Nov, 23,1887 | 1,050 | 300 1 3.5 | 2.8 | Dec. 29,1830 | 1,100 { 800 1.4 1.
Nov. 27,1857 | 1,500 | 800 , 1.8 | 2.0 | Dec. 30,1820 [ 1,700 { 5001 3.4 2.
Nov. 28,1847 | 1,400 { 500 | 3.8 ‘ 3.6 1| Jan, 15,1881 | 1,900 | G600 | 3.2 4.
Nov. 9,1888 800 | 300 ] 2.7 l 1.7 || Jan, 17,1882 | 2,700 | 500 | 5.4 3.
Dec. 27,1883 | 1,400 | 450 | 3.1 1 2.3 Jan. 14,1883 1 1,600 ) 200 ) 7.5 2.
Dec. 31,1884 {1,250 [ 350 | 3.6 ‘ 2.6 || Jan. 20,1883 | 1,650 | 300 | 6.5 4.
Deo. 5,1885 {1,700 | 850 | 2.01 2.0 Jan. 6,18%4 750 | 300, R.2 2,
Dec. 20,1887 | 1,450 | 700 | 2.1 ; 2.0 [ Jan.19,18%4 | 1,800 | 400 | 4.5 3.
Doc, 21,1887 | ‘850 | 400 2.0 1.1 Jan. 1,1885 12,200 | 6501 3.4 2
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TABLE XV.—RATIO OF AXES OF 200 AND 10° TEMPERATURE-FALL AREAS OF 200,000
SQUARE MILES OR MORE—Continued. '

-]

Length of axes 20° | & § .
Tull area. < ga; fall aren. s
Gt Bt Wt R
Date. © 3 Date. o
A = S | o As |Aasi 8 | 82
28 58| = (E= e |28 | S | 2=

CEH =] < 3 o sas = ]

2% (8% | & | & Z° @B | & | M

Miles. | Miles.
Feb. 16, 1838 | 1,200 300
1eb. 26, 1838 800 | 400

Miles. | Milcs.
Feb. 26,1833 900 | 300
I'eh. 6,1884 400 | 200
TPeb, 20,1834 | 1,600 | 600

w

<

|

\ Longth of axos 20°
|

|

]

| Feb, 6, 1889 800 | 400

Feb, 81845 | 730 | 530 | 1.4 | 3.3 Fob. 17,1880 | 1,600 | 300 ;
Feb. 10,1885 | 1,600 [ 900 | 1. 1.8 1 1%eb. 23,1889 | 1,900 | 350 | 5,
Feb. 11,1885 | 1,600 | 600 | 2 2.3 || Mar,21,1862 | 000 | 500

Feb. 26,1886 | 1,400 | 450
Feb. 1,1887 | 700 | 300
Fob. 4,1887 | 1,200 | 250
Fob. 9,1887 | 1,050 | 600
Teb. 11,1887 | 1,000 | 400
Teb. 12,1887 | 2,400 | 700
Feb. 15,1888 | 2,700 | 400

Mar, 19,1883 | 2,200 | 500
Mar. 12,1884 | 1,500 | 400
Mar., 3,1887 | 1,700 500
Mar. 14,1887 | 1,000 | 200
Mar. 3,1888 | 1,400 | 600
Maur, 20, 1888 900 350

!
i
| \

The relation of the axes of 20° temperature-fall areas not being determinable with

auy very great accuracy, where nothing olse is available for the purpose, it will be
- best to take the ratio of 2.5 to 1.0 for the case of the high pressure to tho north of the

center of low pressure, and for the case of the double Y-shaped lows the ratio 5,0 to
1.0. When, however, a well-defined 20° fall area has already occurred, it is possible
to form some idea of the length of one of the axes of the 20° fall area that is going to
occur the next day. :

The 200 temperature-full areas on successive days very rarely overlap cach other.
When they do overlap, it is only slightly, not more than throughout a narrow strip
of 50 miles in width.” ‘The greater the arcas of the 20° temporature falls, the more
apt succossive areas are to be tangent to each other or nearly tangent.

Tho following list gives the cold waves and the areas of 20° fall tangoent to oach
other or slightly overlapping:

\"-.-

e of

P AR STION S
SN O_XLRWOCOO

4

R o S I S L
WOWLNVOOHIWNT ®

[ &

S wi

Lwn N QLWL L IO
[
:,l

SuccrssIvE TWENTY-FOUR Hour 20° FaALLs TANGENT TO Eacn OTHER.

| :
Date. i Avoas. Date. i Arveas.
I i |
Sq. miles. 8q. miles,
Febrnary 17,1883 ...........| 1,065,000 || Decembor 5, 1885 .......... BG4, 000
November 28, 1887 _......... 806, 000 || January 9, 1886...... ...... 797,000
Febroary 11,1885 ........... 787,000 || February 21, 1882.......... 272,000
Foebruary 11, 1837 .. ...... .- 543,000 || I'ebruary 17, 1889.......... 372, 000
November 26,1883 .._....... 830,000 || March 19,1883 ............ 848, 000
November 19,1881 .......... 509,000 |} November 12, 1889 ......... 206, 000
Novembor 27, 1887 .......... 801,000 || November 14, 1882......... 335, 000
Deocember 21, 1887 ... ....... 338,000 || November 27, 1883.... ..... 567, 000
Jawuary 19,1884 . .. ... ... 703,000 || November 26, 1886......... 302, 000
January 17,1885 ............ 415,000 || January 1, 1885...... ... 1,060, 000
January 18,1885 (... ........ 487,000 |[ Decembor 23,1887 ......... 564, 000
January 17,1887 ... ool ontl 621,000 {| Decomber 30,1880 ......... 749, 000
January 30,1887 ............ 474,000 || November 24, 1884...... ... 472, 000
Jnnua._x\y 1,183 ... ....... 422,000 || November 13, 1882..._..... 482,000
January 8,1838 ... ..o ... 525,000 || November 13, 1883........: 320, 000
February 28,1880 ........... 299,000 || January 17,1882........... 1,101,000 .
February 29, 1830 ........... 506, 000 || Fobruary 26, 1886 ... ..... 6086, 000
February 4, 1883 (... ........ 337,000 |i Yebruary 12, 1887 ......... 1, 015, 000
February 10, 1885 ........... 960, 000 || February 15, 1888 ......... 912, 000
November 13,1885 ..coee -... 460, 000 || Fobruary 16, 1888 ......... 440, 000

November 20, 1881 .......... 271,000 || ¥obruary 23, 1889 ......... 634, 000
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The conter or position of maximum fall being known and the tangency taken 88
the farthest point east of the 20° fall curve of the preceding day, some idea can be
formed of the length of the shorter axis of the 20° fall area. lmplicit reliance can
not, however, be placed on this proceeding. It must beo cousidered in connection
with other things,

Tle distance from center of low to highest isobar of high-pressure arca, in the casoe
of a high area to the sonthwest of a low pressure, is, spproximately, in many cases the
length of greator axis of 20° temperature-fall area. Whero the 20° temporaturoe-fall
area is as small as 150,000 square miles, it is not apt to Lo tangent to the preceding
20° fall aren.

The 10° temperature-fall areas on snceessive days do very gonerally overlap.

The eastorn side of 4 10° temperature-fall aren is never any farther cast than the
first rounding lino or ontside isobar of the low area of pressure.

The rule given for computing the maximum fall of temperature, in or near a low
center, can be applied in the case of other places on the map remoto from the conter.
Though it may not give the actual fall at the point, it will at least give a valne for
the foﬁl, which will not be exceeded, and which may be of some service in locating
the position of the 20° fall area.

At the southern limit of a cold wave, where there is doubt about the position of
the lower boundary of temperature-fall arca, the wind direction will bo of assistance

+ at times in locating the position of the aren. In tho lower Mississippi Valley, as far
a8 300 or 400 miles from the Gulf of Mexico, whon tho winds, having boen northwest
or north, turn to the northeast, no farther fall or only slight falls of temperature
need Le anticipated.

From Table X VI, cither axis of the 20° temperature-fall area being known, and the
area, tho other axis can be determined.  1'rom the known area, with an assumed ratio
or the axes, tho lengths of the axes can also bo determined.

TanLe XVI.—AREAS OF LLLIPSES IN SQUARE MiLus.

Minor axis. Miles.

. Ma,jor
o Vol B e . i} e
Miles. 100. 150. 200. 90, | 00 350
—_— e J— R o i - o -
100 8,000 | ooooneeo o e TSR IR
200 16, 000 24,0007 VTR 00T
300 24,000 35, 000 47, 000 a4, 000 | 71,000 | oo ian..
400 31,000 47,000 63, 000 79,000 1 94000 110,000
500 39, 000 59, 000 79, 000 92,000 | 118,000 137, 000
600 47,000 71,000 94,000 | 118,000 | 141,000 | 165,000
700 55, 000 82,000 110000 | 137,000 | 165,000 192, 000
800 63, 000 94,000 | 126,000 | 157,000 | 188,000 220, 000
900 71,000 | 106,000 | 141,000 | 177,000 | 212000 247, 000
1,000 [oooeshoee. 118,000 | 157,000 | 196,000 | 236,000 275, 000
1,200 |emeeeoee e 173,000 | 216,000 | 259,000 302, 000
1,200 |..0000 RN R 185,000 | 236,000 | 283 000 330, 000
1,300 |-l 204,000 | 255,000 | 306,000 357, 000
1,400 |l 220,000 | 275,000 | 30,0001 385, 000
1,500 ... Il 236,000 | 294,000 | 353,000 412, 000
1,600 [oeeoeeeeeioee oo 314,000 | 377,000 440, 000
1,700 |-l 234,000 | 400,000 | 467000
1800 | FH000 42,000 | 495, 000
1,900 |- LTI L 417,000 | 599! 000
000 | L e T | 550,000
i
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TasLe XVI.—Anreas or ELLirses 1N Squanre Mires—Continued.

. Minor axis. Miles,
Major
u;in.
Miles. | 350, 400. 50 500. 550. 600. 650.
400 110, 000 16,000 [.......... l .........................................
00 137,000 157,000 177,000 © 196,000 |......cooi]ecemeannciiliaan vann
(00 1G5, 000 188, 000 212,000 236, 000 259, 000 283,000 |..ccee onn.
700 192, 000 220, 000 247,000 275, 000 302, 000 310, 000 341, 000
800 220, 000 251, 000 283, 000 314, 000 345, 000 377,000 408, 000
900 247, 000 983, 000 318, 000 3563, 000 389, 000 424,000 459, 000
1,000 275,000 314, 000 353,000 ¢ 392, 000 432, 000 471, 000 510, 000
1,100 302, 000 345,000 389, 000 432, 000 475, 000 518, 000 561, 000
1,200 330, 000 377,000 424, 000 471,000 518,000 565, 000 612, 000
1, 300 357,000 403, 000 459, 000 510, 000 961, 000 612, 000 663, 000
1,400 385, 000 440,000 495,000 | 550, 000 604, 000 659, 000 714,000
1,500 412, 000 471,000 | 530,000 | 589,000 43, 0U0 707, 000 765,000
1, G00 440, 000 5022, 000 565, 000 628, 000 691, 000 754, 000 816, 000
1,700 467, 000 534,000 (01, 000 667, 000 734,000 801, 000 867,000
1,200 | 495,000 5G5,000 | 636,000 707,000 777,000 848, 000 918, 000
1,900 522, 000 597, 000 671,000 | 746,000 820, 000 895, 000 969, 000
21000 | 550,000 | 628,000 | 707,000 , 785,000 | 864,000 | 942,000 | 1,020,000
B 1 O 1 824, 000 906, 000 989,000 | 1,071,000
1) R R P T E o I 864, 000 050, 000 | 1,036,000 | 1,123,000
3 Minor axis, Miles.
Mujor
a.;is. - -
Miles. | g5, 700. 750. 800, 850. 900.
700 341, 000 R 1< T 101 T S EE T T T I T e
R00 408, 000 440,000 471, 000 502,000 |..ooneime]iereeeeaaaan
900 459, 000 495, 000 530, 000 565, 000 601, 000 636, 000
1, 000 510, 000 550, 000 589, 000 628, 000 667, 000 707,000
1,100 561, 000 604, 000 (48, 000 (91, 000 734, 000 777,000
1,200 612,€00 659, 000 706, 000 754, 000 801, 0600 848, 000
1, 300 63, 000 714, 000 765, 000 816, 000 868, 000 918, 000
1,400 714, 000 769, 000 824, 000 874, 000 934, 000 939, 000
1,500 765, 000 824, 000 883, 000 042, 000 1, 001, 0V0 1, 060, 000
1, 60U 816, 000 879, 000 042, 000 1, 005, 000 1, 068, 000 1, 130, 000
1,700 867, 000 934, 000 1,001,000 1. 068, 000 1, 134,000 1,201, 000
1, 800 918 000 989, 000 1, 060, 000 1, 130, 000 1,201, 000 1,272,000
1,900 969,000 | 1,044,000 1,119,000 1, 193, 000 1, 268, 000 1, 342,000
2,000 1,020,000 ' 1,099,000 1,178,000 1,250, 000 1,334, 000 1,413,000
2100 | 1,071,000 ; 1,162,000 | 1,236,000 | 1,319,000 | 1,401,000 | 1,484,000
2,200 | 1,123,000 | 1,209,000 1,205,000 | 1,382,000 ! 1,468,000 1, 554, 000
{

.i_l_i_)'-i'ﬁ s16 90——11
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Tables XVII, XVIII, XIX, XX, XXI give the highest 7 a. m. temperatures for tho
months of November and December, January, February, and March that have occurret
in each year from 1880 to 1889, inclusive.

In 95 per cent. of the cases where the temperatures were near the greatest tempera”
ture that have veccurred, there have been falls of 20° on the day following. This

. change, however, is not of much importance, for the reason that whon the tempers-
ture is at the maximum the fall is not apt to be any greater than 20°. It seems in
most cases to be due to a retardation of an hour or two for somo reason or other not
understood, in the lowest phase of the diurnal change of temperature.

The mean highest 7 a. m. temperatures for ten years are shown on the charts accow-
panying, and also their geueralization by lines joining the points of equal tempera-
turo.

TaBLi XVIL—NOVEMBER. GrEATnsT 7 A M. TEMPERATURES.

| | ! ;

Stations. |1880. 1881, 1882.[1883.'1884.ildds. 1886.| 1887.|1888.| 1889.| Moans:

S | e = ————— ——— i

Eastport.... ........| 57| 53| 56 Vss | o l 54| 60| 51| 54| 50 54
Northfield .ceeee e oo iloceefeneaiton it il idoaaa e 55| 62 581...----
Portland, Me ........ 58 53| 60 54| 491 54| 54| 49| 56 | 55 54
BoRLOD »ovvaevaccnnnn 60! 561 62, 60| 54 1 o621 61| 62| 64 60
NaDtUOKOt ceer covcacfoccecfoneec|oven]ovaafeacenfamenn 58| 58| 58| GO |....---
Bloek ISland ... cccufecen fereec]acaa]ameaafeoann 61 60 [..... D8] 61 [..canee
ADADY ccmren cennn. 531 63| 59| 621 46 61| 58| 50| 60| 52 56
New York City ... ... 57| 60| 60| 62| Ha4t 61| 62| 57| 621 6 60
Harrisburg ..o oo coofeocfean e i]ieanoecen — feeeee]eennn 68 54 |l ...-.-
Philadelphia ... .... 611 o1 63! 64| 56| 65 64| 62| 68| 64 63
Atlantic City .-...... L I P - 604 GLi..... GO 604 ..----
Baltimore .co...c..-. 6L] 6o 61| 63 ] 93| 62| 62| 52| 66| 69 62
Washington.... .... 62| 65| 60| 61 56| 64| 67 ) 51| 66 58 61
Lynchburgh ... 581 64| 62| 66| 51| 61 63| 54| 68| 7 61
Norfolk ceeecevcunn. 65| 67| 64 66| O3 | O8] 70| 60! 71| 66 66
Charlotto coeee aee-e 63] 66] 62 65| 60| 63| 62 56| 68 68 63
Raleigh «ovveeninmaailaaaadoneadieeefiaaifann.- = leeepofoeans 70 68 [....- .-
Hatteras .oeees cenn. 60 | 72| 67l 68| 63| 70| 72| 65| 69| 69 69
Wilmington......... 681 70 64| 67| o 701 72} 65| 72} 70 69
Charleston ...-...... 71 72| 68| 70| 68| G| 69| 64| 74| 73 70
Augusta .....ooe one ; | 67| 66| 68| 67| 60 71| 71 07
Savannah ...... 3 721 68| 71| 68 62| 74| 73 70
Jacksonville .. 72| 67| 70| 68| 70| 74| 74 70
Titusville .ccaeeo.an. ! 18 P DRSO (PP PR PR TR 75 |.eeeeer
Pt. Jupiter.......... RS DD PURNP PO o 80!0 79 |....- .
Koy Webb cevucenenee 9| | | vl i owl 6] 8Ll 81 78
Atlanty ... e 64| 67, 64| 66| 57| 68| 63| 59| 67| 63 64
Cedar Keys...--..... i U0 P P F I D 601 68 ]..... TA) T4 |.eeeen:
Pensncola coeevenen-. 0|73 | er ! 2| 70| 68| 78| 11| 7L
MoDile ceueeevanemefinnn. 700 71 73| 65| 72| 68| 65| 73| 70 70
Montgomery ... .... 67| 70| 67| 60| 66| 72| 67| 64| 71! 68 68
Vickshurg. .coe.oo-a. 62! 69! e8] 71l 61| 7®| 72| 66| 68| 683 68
‘New Orleans .... ... 67 72| 74| 73, 63, 75, 741 67T} 71} 75 7l
Shreveport.... - .- -6l 71y 70) 71| 60 72| GO} 65 70| 61 67
Fort Smith ......... Y O RS 74| 7! 62| 64| 62| 53| 71| 64| ....-
Little RooK «vve-.n-- 60| 671 60| 70| 56| 64 68| 65| 69| 62 65
Palestine..ccee cocens|eacr|omenn 720 72 63| 71| 70| 67| T?)| 63 |..---- -
Galveston ...oo...-. 601 76| 76| 75| 70| 74| 72| 69| 75 71 73
San Antonio......... 6| 691 74l .. ]....] 68 71| 69| R GG |..-.--*
Corpus Christi..oooofeeeeifierefieadian e forani o fones 4 0.
Brownsville ......... 3 . . By T4 ... WD -
Rio Grande City N 71 72 71| 72 70 72
Abilene ..cceconaan. e . 571 61| 59 09| 61 ]..c--s .
Memphis ..coaveeenn. 5, ! 65 69 63] 69| 65 69
NushVille rovone wowonl 59| 621 65) 671 60) 66| 69] 66 66] GO o4
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TABLE XVII.—NOVEMBER., GREATEST 7 A, M. TEMPERATURES—Continued.

- ] : ,

Stations, !1880.|1881.'.1882. 1883. 1884.|1885. 1886.|1887.; 1888.]1389.| Meaus.
i — o e T
Chattanooga ........ i G3) G| 60| 67| G4° G2 65| 61| 68| 64 63
Knoxville ........... i 58 | 68| 61 67! 67§ 59| 68| 56| 62| 60 63
Louisville .cooe. ...l 89 66| 65) 664 60 67| 57 571 66| 60 62
Iudiapapolis ...... .. P2 63, 631 63 HG| a9 56| 61| 68| 57 58
Cincinnati ...... -... 58 | 60 | 04 66 | o8| 61! 56| 64 66 | 63 62
Columbus ...... ceews| 9D BG 1 60 GO 55| 63| 61 60| 64 | 64 G0
Parkersburgh ... i feia o B e T T 66| 68 .......
Pivtsburgh ...oo. ..., 61 | sG> : 64| 62| GO | 67 61] 621 66| 65 63
OBWOHO vevceeceacnas 55| G3 ! 501 69| 48| 60! Hd 58| 63| 49 58
Rochestor ........... 57| 56 59| 66| H2! 63| 66 58| 66 | 50 58

i ! i i
Boflulo.oeees caeaaaos 57| 571 62| 59| 55 63| 561 58| 64 i 0T 59
Eric ..ooceeeeans aonn 57| 56| 64| 62| 55| 65| 88 621 66 ; GO 60
Cloveland ........... 50| 551 64| 61| 61| 62| 58| 62 66: 63 61
Sandusky -..o-o.. .. H8 o7 63 GO 56 65 56 63 62 66 61
Toled0 vemen cecnnnnn 7 57 | 63| 61 5 | 63| 54 621 66| GO GO |
Detroit..ocovvaeann .. 551 621 621 63| 49 63| 55| 68, 62| 60 58
Port Huron.......... 56| 56| 581 55| H1 61| 56| 59 60| 57! 57
Alpens .ccoeecceennn. H1| 49 ] 56| 50 44| 49 53| S22 57| 4€ | 51
Sault Sto. Mario. ....'cooe | oaceijoaca]|eacas|enann — eeeeateaae 45 1 40 :.......
Marquette ...... .... | 48| 52| 49| H1| 481 43 | 60| 47 42| 40 48
Escanabs ... ... a8 510 52| 48| 40| a5 ‘ 53| 46| —| —joeenn ..
Green Bay ...... .} . 51| b2, 48 4040 451 541 46| H2 | 45 48
Manisteo coeeeaaaan. — i — s = — ) — | —j — | —| 57! 49 |.......
Grand Havon ........ S Bl o6 6oy 50| s1| s3] s6| 0y 57| 51 55
Milwaukeo eoecee oo-- ‘ 50 H4 64 57| 4 b 162 481 59 | 48 53
Chicago.ceeeenenna... 54 66 | 64 68| 481 L9 . 53| 47 58 46 54
Duluth....coco..oen. 40| 52| 45 48| 44 36 50 48] 441 39 46
St Paul ..o oo. i 43 49 46 50 46 40 57 . 44 48 40 46
La Crosse . ooev.ua..| 51| D4 | O8I 57| 47| 48 58 63| 67 ¢ 41 54
Dubuque .cecenooo... 50| 54| 63| H8| 461 48 681 H2 1 69 ! 44 83 -
Davenport ....... T 57 1 G4 57 ; 61 51, bB7 | 80| GO ©4B 55
Dos Moines. ......... | 46 H2 X 60 , 49 53 ¢ HY 03 64 43 b
Kookuk «ccevrvennn.. I 62 60 66 59 1 03 57 o 59 50 G2 47 57
Springtield, 111 ......, sa| 6| 64| 59! 54| 60! 54| 15| o1 48 56
Cairo ceceee ceeeannn. ‘ 53] €6 | 66 G8| 54| 60, GOt GO | 6B | GG 62
i ¢
St. Lonig.ecoasonnnn. 52 1 61 G6] o4 | 551 64 . 61| 52| 66| 52 59
Springtield, Mo, ....[oeoe feeeedoa oo itin s — teeifimann 66 | — |..ee--.
Leavenworth coceeeo.|oenn- 61| 69| 66} 66| 62 61| 5] 66| 44 61
Wichita. .cveervennn- | P PR P N e T e G4 44 1l.......
Concordifece. - vovane|vacs cfaeaafeenns veeeieeaas| B30 GO | DL | 62| 41 {.......
I

Omaha .occeeenannnn. ! 43| HG | 65| &5 | 45 | 55 60 | & 63 | 41 53
Yankton ceecceeene.. P30 46| a6 | 44 | 431 40 50 H0| 48| 38 45
Valentine «....o. ... Y A P peeeteeaa ) A3 42D 42 44| 45 [ ......
Huron coceee cvveeaaifonans 41 50| 40 34} 35 50| 42 41 | 38 41
Fort Sully..cemeecoeefoeeeforanfoace PPN _I .......... 42 4B | ...,
Moorhead ..... coonifeen.- 36| 44 381 M 33| K8 40 3G: 34 39
St. Vincent.......... 36 35 37 35 34 34 37 35 33 40 36..
Bismarck ..... ...... 38 40 44 37 35 36 47 45 36 40 4G
Fort Buford ......... 40 42| 36| 41 381 42| 41 401 37 ¢ 40! 40
Fort Assinniboine....; 50| 45| 44 ; 47 ! 50! 5R | 41| 57| 50| 48 48
Helena ..o ceeeee e 47 | 45 40| 00 l 621 53| HO| B3| 39, 44 47
Poplnr Rivor coeceecafeeeaefeneic]ee-nn 31 |' 30 30t 36 38 M et
Fort Custer ......... 46 45 43 49 1 45 44 1 49 53 043 47
Rapid City ...c...... S PO JUS P U PR L D R N0 R
8alt Luko City. .....]. 44| 627 61 46| a4 | 58 41| 541 54| 50 49,
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Stations. 1880.|1881.| 1882,/ 1883.| 1884. 1885.| 1886.| 1887.;1888.| 1889.{ Moans.
[ AU PN RSN AU MR NN PR S N N
Cheyenne ........... 46| 43| 40| 50| 40| H1 | — [ 41 43| 44 }.....--
North I’latte ..o.....| 41| 42| 52| 40| 39| 46| 43| 40| 44| 38 42
Denver.-..... .. a4l a3l 54| 48| 471 56| D] 40 52 47 49
Pike's Peak .o.oue-.] 22 18| 22 w4 | 22| 23| 18| 26| —; — 22
Montrose ..... PP, R AR R P 40! 434 46 43| — l.ceaee-
Lag Animas «oce.ooudleoe.. 401 35 401 431 B4 .o oo et
Pueblo coveeeenennace|eecafronafoaeac]oanafiannn Bl PPN PR 64 H4 |..ace--
Dodge City.......... 43 48| 52| 47| 48| B4 P 54| 46 ) Bl 95 50
Fort Elliott - ... ... 43| 49| 57| s1| 51| 53| 55| 57| 60| 49 53
Fort Sill wovneeen.nn. 57| 60} 65].....] 55§ Hd| 58| 49| 68 45 56
Santa 1°6..ceeeeeoo-. 42| 362 49 |.....].....] 55| 40| 45| 461 39 ).....-
Lamar, MO ceemeeeaccfoaaeereaidonaa e RN DR R PO (¢ AT L ieeeae
Kansas City...... [ A DR SR R P Go| 64| ST | Tl Looliiaaan
TaBrLe XVIIL.—DrceMBrnr., GREATEST 7 A, M, TEMPERATURES,
i S
Eastport . .covoeeen. | 42 \ 47 1 47 i 44 I 46| 52| 471 47 48| 48 47
Northfield ..oevecvman oo i eae demeaidoaaa ] eene ] eans 39 49 45 |.....--
Portland, Me ........ | 44| 40 47 ) 46, 501 49 42 48 48| 49 47
Bostom .. .....eauoy 40 60 52 490 50 | 59 43| 57| 55| 56 o
Nantucket -......... | N DR l..l | ... 4B D1 49 B4 ....-. -
"Block Island ........ SO 54l 52 56| 53 4y | 65| 52| 55l W
Albany.. ccoooooo. .. [ 30 60 48| 54| 50! 44| 33| 44| 50| 52
New York City ...-.. | 43| 591 46 ‘ 50 ‘ 49| 54l 41| 53 51| 54 50
Harrisburg ... ... oo oo RV PN PO ceeedl B0 B2 |i.aal:
Philadelplia on- ... NPT e R P R |49 "a0| a6 B4 | 83 51
| | a
Atlantic City.... .... | 49| 53 49| 50 51! 40| aa| 51| 40| 50 50
Baltimore ..... - 491 61 46 51 491 501 40| 51 ] 52| 5% 50
Washington ......... | 48| 50 a5| 49, 56 50! 41| 51| 51| 56 51
Lynchburgh. ..cc....o 53| 62 46| 54\ 57| 48| 40| 53| 62| 61 63
NOrfolk - eoeeeeenennat 671 631 54 61 G6] 62| 51| 60| 61, 58 60
]
Charlotto ..ecev-oooo 50 | 63 51l 63 Gd| 61| 52| 56| 55 98
Raleigh -ccoeeennnnn. FN E PN L. NN PO S .| 59 60 60
Hattoras «oeaeencnne. 60| 651 60| 60 68 65| 59| 62| 50 6L
Wilmington ......... 65 66 50 64 69 G6 5?7 63 63 60
Charleston ..o ..o--- 63| 631 60| 64| 68| 65| 58| 58| 61| 61
Augnsta. .ocoeeeenn. 64] 63] 54° 64| 69| 64 551 58| 56| 60 6
Savannah ..ooo.. ... | 6] 64| 63| 65! 70| 68| 56| 60| 60| 58 63
Jacksonville.........! 68| 68] 651 67| 71| o8] 61| 64| 62| 61 6t
Titusville coooovnann. % ................................... 70| 661 65 [ .eee--
Pt.Jupiter .. cococeenioaniloen. S PPN DY AR e T 74| 76 (....---
Koy West cccceennnns 78] 76| 74 74| ™ | 2| 6| 7| 74 70
Atlanta oocooiiaonn. 62] 64 50| B8] 64| 60| 51| H2l o ne 68 57
Cedar Keys...... ... ZO 69 1 625 68| 43 61 60| 64| 60| 06 63
Pensacol ..cove-.-u. 70| 70 64) 68) 65| GO 62] 66| G2 08 G
Mobilo .eoeeeannennn. 63| 66] 67| 68| 64 62| 60| 61| 64| 68 €5
Montgomery ........ 68| 64 ; 59| 661 67| 50| 561 59| 59| 62 62
Vickaburg...ove-.... 69| 64! 60| 67| 66| 631 551 64 59| 65 4
Now Orleans. ........} 70| 66] 63] 70| 68| 66" 62) 65| 62| 64 6
Shreveport .......... 65| 651 GO 66 61| 67| 60| 64| 59| €6 3
Yort Smith covvenvve]oenncloeens 540 59| 541 681 45l 57| 561 66 56
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GREATEST 7 A. M. TEMPERATURES—Continued.

. |
Stations, 1890.1 1881.|1882.| 1883.] 1884.| 1885.| 1886.| 1887.|1888.1 1889.| Meaus.
Little Roelkooeaee.-o. 57| 64| o8| 65| 68| 61 61| Gl | 661! 67 60
Palestine.cocceooooiioaa.. no¥ G4 67 Gd G6 59 67 | 62 67 64
Jalveston . .oooenoo..| 67 68 66| 70 08 69 04 (6] 66 6
San Antonio......... 67 63| 6U |oceefennns 66, 62! G8; 64| 0B 65
Corpus Christie .ccoee.feeenefoman]emeefoaneemenc]omaniinis]emnnn i 68 | TR |eeo.-..
Brownsville ......... 00 T2 7 7 721 681 72 71
Rio Grande City 67 1 7 67 67 ;. 68 63 68 68
Abilene ..o, PR S (13 55 32 60 62 [Veaeen
Memphis coooanaoo.. 60§ A3 1 60| H4 1 H6 | O3 | 68 68
Nashville..oooooooo.. ! 6O | 68| 6| H4.| H7 | 57 64 58
]
Chattanooge -....... 57 G311 47 6 62 55 652 53 04 ; 65 H6
Knoxville .....oo.... 66 63 41| o6l by | B8 40| &2 | HY, 6L b6
Louisville cceaee o aan. L6089 | 5l B, HG | H3 46 ] OO | O3 G5 H6
Indianapolis ........ SH0 | 62 46| 55| b4 | 40| 45 OHd | 46| 62 H1
Cincinnati . ........ CGY 59 48 HY (18 63 3 54 47 63 56
Columbus............ 6h | 56 | 44 52 1 64 | 60| 45| 50 | 43| 58 5]
Puwrkersburgh ....... B O S P ceen | S O P 45 | 63 jevnen..
Pittsbargh ~o.....-.. 66 66| 43| 571 56| 53, 49| K2 | a8l Gl 54
O3WeEO vevrennanan-n Ri.} H4 40 o Hl . 48 40 44 406 o3 47
Rochestor .cveeee....t 40| 63 30 2| H6 Y Y 41 48 47 | 53 48
: : !
Buffalo......... FUTUE I 1 | 43 41 51 Hd . 47 42 43 45 : 49 47
Irio. e e ccecen eea 45 54 41 47 (8] 51 44 00 40 54 50
Cloveland «.ccnae oo b4 | 66| 411 49 50 SHL| 47| 5G, 45§ 68 51
Sandusky ....c.. ... 651 | 64| 431 52 HY | B0 | 45 | b3 | 47| 6O, 51
©T0ledO weeeneaaeeeann DH1| B4 45| SO BG| 47 | 44 | 53! 46 | 56 50
Dotroit.cceee canene- 45| 541 46| 53 L6 | GO | 42| 40 ) 441 o4 49
Port Iluron....c..... 144 1 46 38 48 : b1 44 | 38 51 431 61 45
Alpenti.c covueenanaat 37 30 35 41 I 48 3h ! 41 39 42 4z 40
Sault Ste. Mario . ....iceeceeeeiloenas R S P [ P PR
Muarquetto. ... ceeeep 340 371 35] 4311 40 407 86 421 39| 36 33
Escanaba ....... .... 36 | 41 fooas O 38
Green Bay.ceeeenea-- 37 401 43 40 j.......
Manisteo ..... [ O N P Y PO P P P el ol
Grand Haven........ 41 49 | 42 | H3 40
Milwaukee c.caeev... 30| 41 43 | 50 44
ChicBg0. caeececnnn-. 81 55| 88| 521 o2l 461 46! 49| 451 61 48
Duluth..o.eeeeaa... 34 37 32 34 35 37 32 34 42, 36 36
St. Paul.ecceeeeooaan. 34 37 33 39 RY) 40 38 34 50 \ B 38
L Crosse ceeceecennn 32 44 35 50 36 44 43 . 36| 481 42 41
Dubuque .eeeeecaan.. 34 43 39 52 42 42 39 37 44 ‘ 57 43
Davenport .......... 37| 48| 39| 63| 44| 46| 42| 38! 46 | Oy 45
Des Moineseeoean ... 36| 45| 42| 46 30 49| 44 37 83! 60 45
Keokuk .....coaveen. 40| 950 40| 611 43| 46| 46| 41| SO HY 47
Springfield, 111 ...... 401 R 42| H4. 551 52, 491 43! H2 | HY 50
CRIro «ceeceveaenanns 51| 60 49| 581 57| 951 49| 571 54§ 46 56
St. Louis eeeecreavann 421 60} 41| 597 60| GO ! 56 | 46 62| 62 55
Springfield, Mo..oouafcaee|oann L5 0 PR R P TR Rt 52 |.....|. e
Leavenworth........ 37 61| 47 53] 42| 50, 46| 43 54, 09 48
Kansag City «ecoveeaafeaceadoeen o iloeealiiiialaanfuea.. 55| 6l |.ueee-.
LAMAT «eereeeeccace]ecees]oacacfoveacfoeafeanns 63| 44 63| 50 |.....|. veaes
Wichita. covveemacee]occacfoaaefimeefomamefemenn]oaces]oacedeanns 55 | 59 |. eee..
Concordia ecveeeonocloaaall R D ceeodoe b B2 4B 42 BG | BT |...-...
Omahg eceenee cenenn-. c34 47 43 ; 61 360 oo 45 42 o2 60 46
Yankton ..cccooooo.. 30 35 41 41 34 43 42 36 43 41 30
Valentine eeeeeeeeoooloeoobooos oo cllisll 36 440 40 891 44 oLl .
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Stations. 1880. 1881.!1882.| 1883.] 1484, 1885.‘1886.!1887. 1388.!1889.| Means.
Fort Buford ......... 35| 35| 33 33| 38| 35| 32| 34 45| 31 36
Huron .oeecvenieieee|ennns 37| 81 44| 32| 381 321 85| 43 40 37
Fort Sully. . ... ... |.....lo i ..a.. weeoo| 321 45 321 39 48| 38 [.......
Moorhead ...........l..... 30 261 38 40 33] 25| 30| 39 35 33
8t. Vincent.......... P82 2061 25 31| 35| 31 31| 29 32| 34 31

]
Bismarck .......... 42| 42| 31 39| 41| 330 22| 35| 42| 35 37
Fort Assinniboine ...| 44 49 | 42| 44 48 | 56| 44 41 50| 36 45
Helena.............. .40 45 i 42 46 44 44 46 i 46 1 44 36 43
Poplar River ........l.....]-...- — 3 30 20| 241 25 50| — l._....
Fort Custer ......... 38 40 45 39 44 H4 43 41 45 | 34 42
Rapid City ..........i..... S P PR PR P P 42 | 51 |.....-.
Salt Lake City ...... L4244 46| 461 48] 46 46 451 41 | 51 46
Cheyenne ........... 481 46! 46| 50| 43| 47 — | 41| 34| 45 45
North Platte ........ 330 dui Bsl 47| 42| 46| 86| 36| 38| ¢ 39
Denver.............. tog44 0 50 5HO 49 48 4h 54 48 42 52 48
. |

Pike’s Peak.......... | 21| 20| QR 27| 21 26 i 170 19| —
Montrose .. ! 351 381 385 36
Paeblo ... ] R PR R 48
Dodge City 34 | 67 62| 43| 42| 48
Fort Elliott ......... ‘ 471 40 44 51 45 53 43 46 48
Fort Sill ............ 57 | 68 | 42 ... 46| 63 . 491 61| 55 58 63
Santa Fé............ 51 — 1 36 |..... 41 37 : 348 36 35 H0 33
LasAuimas.........‘..... 42 28| 40| 44 | 42 34 :ml,..... ............

TavrLe XIX.—JANUARY., GREATEST 7 A. M. TEMPERATURES,

! 1
Eastport ..c...oo ... 43 38| 41 | 36 I 381 46| 43 l 46 1 46 ; 44 42
Northfield oo vooomnnfoens N oen. e e | ag L
Portland, Mo ........ 47 1 351 40| 891 B8 SL [ 47 441 4T 45 42
BoBON v veee enee e 500 AL| 49 4w 39| 55( 49| v 45| a1 46
Nantucket .....ooooniooo | ]oann. he... Y [ VI L0 A ¥ o O
Block Island ........|[.....1.... ceaeld 44 49| 56| bl I 51| 45| 50 [..c....
Albany.............. 40 41 45 41 45 H2 oh 47 35 H2 45
New York City ...... 49 1 39| 47 ¢ 41 43 02 ] 483 : 51| 47| 47
Harrisburg ... ...... e I N I L T ) W
Philadelphia ........ 50 42| 50| 46| 43| 67| 53 | 541 B0 | 56 Y
Atlautic City ........| 53 45 H0 42 44 50 46 . 47 | 45 50 47
Baltimore .. .........] 51 41 Hl 44 46 | S8 | 51 Ho i 44 50 50
Washington ......... 50 SV Y | 41 44 57 4 53] 45| OH7 49
Lyochburgh......... 63 | 40 52 444 49 68 50, 56| 58| 68 ’ 53
Norfolk .ccceuvennn.. 59 57, 5HY a8 56 (654 50 | 62 GO 60 G0
I
Charlotto..cooevonans 54 50 ! S8 K3 83 GO} 621 57| 60| HY 57
Raleigh coceeevaeeaa conen B e D e e T 61 60 (£33 1 PR,
Hatteras ..coeeeee-... 63 54 . 63 56 63« GO s 61 [H1] 62 60
Wilmington ......... ooG6 | 57 | 63+ 64 G2, 671 66| 61! 64§ G5 63
Charleston .......... 65 516 61 59 64 G2 60 G2 61 02
' i
Anguste.eeeae cannn.. 61 83 66| 63| 60 63| 61 60 | 66| 62 62
Savanoah............ 63| 58 ‘ 651 64| 647 66 64| 60| 631 60 63
Jacksonville ........ | 651 60| 67 66| G7 | 68 66| 64} 65| 64 60
Titusville .....oooo oo o|eeandeaii il SR P P A 68 [ 69 |..oeoas
Pt Jupiter-. cooeee cofonnecfoen s oennfaaans SN U PN FODION I 7B B 2 3
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TanLy XIX.—~JANUARY. GREATEST 7 A. M. TeMPERATURES—Continued.

| ]

Stations. 1880.]1881.|1882.| 1883, 1884.|1885.| 188¢.{1837.| 1888, 1839.| Terms.
Koy West ccccueann.- 75 74 74 76 l 74 74 73 74 7% 75 74
Atlanta ..oocvaana.. 61! 501 64! o7l s6f 571 581 68| 61| 53 57
Cedar Keys 67| 63| 681 G4 66| G6| 60| 61 G6 | 64 64
Peusacola .. ) oes| 64! 67| 661 6L} 68| 66 63| 64 63 65
Mobile 63| 64| 67| 66§ 61} 65 62| 65| 64| 62 64
Montgomery ......... 64| 631 681 66| 60| GB| 64| GL[ 62| 57 63
Vicksburg.cooovuao. - 63| 631 69| 59§ 621 60 66| 63] 66| 67 64
New Orleans ........ 67 64 701 71 62| 68 63| 69 68| 66 67
Shreveport .......... 68l 62| 66] 63] 62] 60| HY| 64| GG | 58 63
TFort Smith ..o oo oeve- PR PN 50| 62| 42| 52| 63} 02 52 1].......
Little Rock .c....... 67| 537 641 60| 62] 53| 62| 062} 66| 57 60
Palestine ceeeeeoaooee N . 662 62| 64 68| 64| 65| 69! 64 64
Galveston ............ 68| G0 67 63 60| 65| 6D 621 63 - G2 64
Ban Antonio......... 08| 63| 68| 65 |eeceijonens 64| G661 63, 66 66
Corpus Christi ...... O e D RERCI CEETRA ELLE IO I 11, ‘ GO [oeanens
Brownsville c........ | 731 ¢8] 721 68 67 68| 69| 69| 70 I 70 69
Rio Grande City ... .. 71 661 68 ..... 67! 67| 65 65| 671 66 67
Abilene ... caaii]eeonn [ P ceeee..d] B4 881 63 60 {.......
Memphis cocenevnann. 66! 1 62| 571 59 541 54| 60| 67| 56 59
Nashville.eoeceenn... G4 ' 46| 61| 53| 54 | 51| 67| 60, 66| 53 57
Chattanooga 60 46| 66! o8 62 58| B4 59 GR: 53 5y
Knoxville ..... 1 66! 46! 59] 53] 89 . bG| 52| 63, 60 Sl 56
Louisville...cc. ... 6L | 44! 57| 56| B3 50| 53] 06| 67 02 54
Indianapolis ........ 60| 42| 50 42| 51° 473 51| 6o | 58 48 50
Cincinnati ... .c.... 61| 44| 55| 54| 51 I 62| 49| 54| 62| 48 53
Columbus ..cec.ceea.| 57| 38 ' 48| 45| 40 46| 46| 50| 57| 47 47
Parkersburgh ....... SR DR SN PR POV DR PN P et BR 28 EP PR
Pittsburgh ....cco.-. ng| 43| B3| 48| 46| 56| 54| 66| 59| 54 53
OSWEEO veuecmnnnana.| 48[ #3210 41| 41 38| ol 42 46| 38 62 43
Rochoster ...... oo D2 36| 41 36| 33| 50 52| 484 41 47 43
Buftalo..... e p3 1 35| 431 ¢ 34 42| b4 | 49 l 46 | 41 43
Lriteeeeee coaenaanan.- 60 38| 50| 461 39 461 53 H2| H4. 43 48
Cleveland cceueveeen. POy 38| 52 47| 43 48| b1 I 53| 48 44 48
Sandusky .ecevannnn. 65 i 39| 50 44 44 @ 46| 50 54 46 | 46 47
Toled0 cecveecenncenen 53| 39| 51 44 44 4G | 47| 55| 40| 48 47
Dotroit.c.coeceneaan. 50, 34 48 | 39| 44 481 49| 60 38 45 45
Port Huron .. ......| 461 337 43| 35 37 36 48 | 45 40 | 40 ;. 40
Alpenn 37 2 365 | 27 RE S N 2 S 7 32 361 35 33
Sault Ste. Mario «ooovieeeesionerafonaefecmes]aaeedoneaionaroan ) = K% IR S,
Marquotte...o.. .....| 45| 27} 86 94| 82| 33 30| 30| 2| 37 32
b
Escanaba veecencnnn- 38 own | 35l e8] 34| 30¢ 33| 31! 30| — 31
Greon Bay..ovcennae. R U OO SOOI PR PRI PURPPRN - v A B 2 B LI PRSP
Manistee .coceevann-. B I B D H e ] LRSI PEP T RS 40 |.eenn.-
Grand Haven........| b6 37| 44| 87| 41| 37} 371 44 34! 43 41
Milwaukeo .coecnan . 47| o8 41| 95 44| 86| 39 40 35| 41 39
ChiCREO v e v eeee el BT 371 48| 38| 44 41| 42| 47 39 | 46 44
Duluth.eeeeeneaaaeen 37 | 7 30 17 3 | W | 0 27| 3 28
St.Paul ceeeenceee.| 41 pAl 33 22 41 5 2| 26| 22| 38 31
Lt Crosso eeeeceen---| 49 P) 37 34| 33| 33| 84 37 31 41 36
Dubuque ceee-evs oaee a7 | es | 41 33! 39 34 85| 36§ 35| 42 37
Davonport .cceatae.. 551 35| 48| 34| 46| 38| 44| 411 38, 46 42
Des Moinesceen vue-.- 53 33 42 1 27 36| 3| M 36 | 31 42 35
KeokukK ceceeeaennn--| 09 37 48 | 321 6} 41 481 o2 36, 49 45 -
Springtield, Ill....... 60| 40| n1 | a2 b1 | 41| B2 | 06 41| Ol 4d
Coiro veceeeeeraneees G3 | 4| o0 49| Hef 49| H4] 60| 661 531 55
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TABLE XIX.—JANUARY. GRBEATEST 7 A. M. TEMPERATURES—Continued.

Stations.

St. Lonis ..... et
Springfield, Mo ......
Leavenworth........
Kansas City ccceaan. -

Lamar ...coveeeenn oy,

Wiehitt  eoceceeenleeann
Concordia .. .oeceeefenann

Omabhsa ..... ..o ..
Yavnkton ...ccrena...

Valentine ........... .

Huron ...cevveann...

St. Vincent ...........

Bismarck............

Fort Assinniboine ...|.
Heleott .cccneaeea.o. .. .

Poplar River ........
Fort Custer..........

Rapid City .......... ..

Salt Lake City.......
Cheyenne .._.........
North Platte.........
Denver..cceeeeeeen.-.

Montrose............
Las Animas .........
Pueblo ... ... ..
Pike’s Peak .. .
Dodge City

Fort Elliott .........
Fort Sill coeeeean...

Santa Fé ..... cieeas .

1881.

56| 68| 59| 52

............... 58 | 652
3| 66| 45| 44
deeoid]evees| — | 47

49| 604§ 55| —

7367437 36| 34

g3 92 331 38
33| 35| 30} 33

30| 43| 42| 31

47 | 49| 4H | 38
42 §..... 43 | 35
30 331 30; 30
61} 62| 63! 28

40| 42| 42| —
17137167 20| —
39| 45| 47| 34
44| 55| 51| 47

41 | 6C | 5H4 | 50
36| 42| 41| 36

36 33| 59 .....

I
1885.]1836.: 1887.[ 1888. 1889.!Means.

_

TanLr XX.—FEBRUARY.

GREATEST 7 A.

M. TEMPERATURKS.

Eastport ceceeennn..
Northfield ...........
Portland, Me ........
Boston ..ccvveean.oo.
Nantucket ..........

Block Island .......-.
AlbADY . ceoeciannnnn
New York City ..---.
Harrisburg ......--..
Philadelphia ........

Atlantic City........
Baltimore ...
Washington ..
Lynchburgh.........
Norfolk cceaeencian..

40 | 40 |

41
46

45| 40 | 42§ 44

............... 42| 44

44 | 38| 41} 34
54| 44 46| 42

.......... 46 | 421 40

48 | 44| 39| 44
301 38| 38| 36
46| S1 | 43| 42

441 52 49| 39

40| 43 | 47| 44
42| 59| 64| 38
431 58| 46| 38
431 68| 50| 42
49 621 H¥i 61
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TABLE XX.—FEBRUARY. GREATEST AT 7 A. M. TraperaATURES—Continued.

Stations. ]1880. 1881.!1882.
Charlotte ccoeeeeanen | 63 57| 62
Raleigh cooemeanaaen LU DU S
Hatteras ... ...--- 62 H4] 65
Wilmington ........- | 67| 64| 63
Charleston cooac. .- 657 60| 65
Augusta..oeoevennn.. ‘ 64 64| 66
Savannab ........ | 6o 1 62 66
Jacksonville ........, Gd | 66| 68
Titusville coooeeeen. . [N U PO
Pt. Jupiter...... RS PR [
Koy West cccveeannnsi 7 75 83
Atlanta ...cooaaon.l 64 61| 02
Cedar Key8 cc-...... 66, 65| 68
Pensacold ceoeee ane- 68| 64| 67
Mobile coccaeceeenann 65 | 63 7
Montgomery .....--. 68| 64| 67
Vicksburg.......... .| 661 61] 70
Now Orleans .... .... 68| 67| 70
Shreveport .......... 69| G0 | 68
Fort Smith coeemecaailoceeoaeas]eenns
Little Rock eee..... 64| 59| GG
Palestine.coecevoee]aneefeaaan 7
Galveston .. .. G8 | 65 69
San Antonio.......-.] 09 j..... 68
Corpps Christi... ... foveedoeiefoaae
Brownsville ... ..... 73| 60, 73
Rio Grande City..... 72| 69 71
ADIEN® ceveeevmmacncfomee]|omaaalecens
Memphis ceceer vevae. 66| 57! GG
Nashville.eeeee caen-. 60 | 55 ; 64
Chattanooga ... .... 661 601 59
Kooxville cccvvenee.. 66| Hy | 68
Louisville cocoee ann.. 61 | 55 [ GO
Indianapolis ........ GO | 53| 66
Cincinnati ..c....... 60| n6| 99
Columbus «.veeeeen..| 98] 51| 05
Parkersburgh ...oo.ioea il feae- i
Pittsburgh .......... 67 | 63| 57
OBWOeLZO .cvmnenncacns 501 471 49
Rochester -.......... DGR 434 52
Buffalo.ceececaane.: 52 51| 50
) OF o - NP, i b4 50 55

- Cleveland ..o ... 55 | bl | 63
Sandusky ..... RN 56 ] 50| 5H3
Toledo ...... veeeenea| D3| 49| B4
Detroit..... ceeemnaen 50} b4 | 54 |
Port Huron........-- 501 47 | 48
Alpeng .......cocoo-n- 42 35| 43
Sault Sto. Marie .....l.....|. U PR
Marquette...e.c ... 38, 35 41
Escanabs ceceeevae.- 39| 34| 38
Groon Bay.ccceecenes| mmee|onaesfonnas
Mauisteo ...... [RRUUIUE PRNPIT DI P
Grand ITaven........ 401 46| 49
Milwaukee ...... .... oL sl 48,

1883.

l
1884.11885.

esean

1887.

57
59
58
62

62

60

1888.

45
34

31
33
33
34
36

1839.| Means.
63 59
[$1: 0 P
G4 | Gl
63 63
63 643
70 63
65 64
G6 67
70 {o.eon.n
73 jaeenn
77 7
60 (1]
64 67
66 67
64 64
69 G6
69 66
70 6Y
68 65
G0 58
64 62
67 66
6D 66
64 GG
66 |eeean.-
69 70
GY GY
GO feaeenn
62 61
63 61
57 GO
58 60
61 57
49 b
53 55
42 52
48 [eenen. .
47 0o
41 43
38 44
37 46
42 49
36 49
36 49
35 47
34 7
34 43
32 36
b7 2 D,
30 36
33 42
37 41
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TanLr XX.—FEBRUARY. GREATEST AT 7 A. M. TEMPERATURES—Continued.

Stations. 1850.]1881.} 1832. 1883.!1884. 1885.11886.|1887./1888.|1889.! Means.
Chicago............. 54 46 51 49 45 37 406 54 45 36 46
Dulnth.............. 30 34 38 RY) 7 31 37 30 33 27 32
St. Paul...... e 30 S0 44 34 35 35 35 31 32 31 35
LaCrosse ........... 45 34 52 35 35 33 40 31 35 33 37

, Dubaque............ 43 36 46 43 40 36| 39 34 38 36 39
Davenport .......... 47 38 % 50 45 38 40 39 43 38 43
Des Moines.......... 63 37| 66| 37| 87| 36| 41| 35| 41| 42 41
Keokuk ............. ol 42 53 60 42 36 42 50 44 39 46
Springfield, Ill....... 661 A3 hd | S8 | 47| 42| 46| H7 | 46| 44 49
Cairo ... ..enoan.. 64 H3 63 66 63 47 51 68 o 64 68
St. Louis -c.ceeeecnn. 60| 48| 56| 64| 50| S2 ) 52| 63| 48| 54 %)
Springfield, Mo ......j.....[..... R N N1 P DR R P 50 | 57 |.eann.-
Leavenworth........ 57 | 4B 57| 44| 40 30| 47| 53| 49} 47 48
Kansas City (IR DD PPN PRIINDS PRI PRI PRI 49 |.......
Lamar .cooeeveenae.. 64| 66 ~—lieemno-
Wichita...co.vevnnns PO DRI DU DR 1S U PR PR 42 [.......
Conecorditt .ooame oo efenneatonne o feaeadiaiadiaees 47 | 471 45, 43 ...
Omahg.ccoeeeena.... 03l 39 621 38 38| 37 42| 35| 431 45 42
Yankton ...... [P 42 35 39 33 338 37 46 35 40 44 39
Valentine ..oeo.coeolooo oo tlone. 1N D DU R 38| 31 46| 41 ].......
Fort Buford 35| 43| 28| 29 32
Huron ......... 35 | 25 32| 35 34
Fort Sully....c...-.. 37 36| 36| 36 [.ceea--
Moorbead ........... 32| 27 34| 23 30
St. Vincent.......... 34| 221 | 24 20
Bismarck ..... v eeeen 38 [ 23 89 98| 32| 39 87| 35| 31 33 34
IPort Assinniboine ...|..... 44| 46| s81 39| 41 0| 40 41 47 43
Helena ...cooeceeees|enn.- 401 42 44| 48 45| H2 | 45| 47| o2 47
LPoplar River ........ AP D P — | 24 33 36| 31| 25| 35 |.c.....
FortCustor.......... 3 E 43 44 f..... 46 41 11 41 381 39 | 41
Rapid City ..ooooooocfoo i e e 40 | 41 l.......
Salt Lake City ...-.. 39 49 40 41 41 42 48 48 50 39 44
Cheyenne ........... 35| 46| 80| 33| 38! 42| 45}..... 38| 43 40
North Platto ........ 36 37 43 35 40 35 37 32 40 40 38
Denver ....ecceeen.- 13 ] 49| 46 35| 46| 49 44| 42| 46| 54 ; 45

|
Las Animas ... .o el foanns 44 |..... 34 38| 371 47| 46 |..... .
Montrose ..oens-nnx-- N P P P 33l 32| 43 ) 49| — ...
Pueblo..coee ivvnnn.. O o I T T Doy — | 46 :.......
Pike's Peak ......... 10 18 10 160 15| 1L 8 17 17 — 15
Dodge City.c.....--. 52 | 44| 48 390 42| 37| 46| 46| 49| 40 44
Tort Elliott ... ..... 43 | 60| 451 45 39| 42| 49| 57| H2 | 50 48

. Fort Sill ceeeiiiaaaas [¢0] a5 oh 52 1e...- 42 39 07 55 o4 62

Santal'6 .........-.. 321 40 52 41 PR I 74 39 44 40 Y] MW
Tasrr XXI.—Magrcit, GreaTesT 7 A. M. TEMPERATURES.

Bastport cocceeeenn.. 37 ‘ S0 42 40 42 ) 411 36| 37| 39| 42 40

Norvthfield. ... oo feeeefieer]eeeeeloaag. I P 34 30| 42 1.......

Portland, Me ........0 43 39 17 41 42 42 39 39 40 46 42

Boston ............ .. I A8 0 42 a8 | 50 50 44| 46| 46 48| 52 47

Nantucket ..oo.oonoijoean o oot ceefeacei]ecand] 44| 46| 49 .......
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TabrLe XXI.—MAkc,

GREATEST AT 7 A. M. TEMPERATURES—Continued.

Stationas.

Block Island ...__...
Albany..............

New York City ......

Harrisburg.. ... ..
Philadelphin .. .. .. ..

Atlantic City ........

Baltimore ...........
Washington .........
Lynchburgh ....._..
Norfolk .............

Charlotto .oooee.....i

Raleigh ...o....oo.c.

Hatteras ............ ‘
Wilmington ......... |

Charleston ..........

Aungusto. ..o o ‘

Savannah ...
Jacksonville ........
Titusville ...........
Pt. Jupiter ..........

Koy West .. _.......!
Atlanta ....... Seeeee]
Cedar Keys.......... !
Pensacola ......... ..}

Mobite ..............

Montgomery ........
Vicksburg...........

New Orleans. ...... ...

Shreveport ..........
TFort Smith ..........

Little Rock .........
Palestine...... ......

Brownsville ... ......
Rio Grando City.. ...
Abileno .............
Memphis ... .. Ceees
Nashville ... .._...

Chattanooga ........
Knoxville ...oco.....
Louisville ...........
Indianapolis ..._....
Cincinnati ..........

Columbus ...........
Parkersburgh -......
Pittsburgh ..........
O8wogo ..oveeeo....
Rochestor ...........

Buffalo...oee oo ..
Brio ........ ..

Sandusky .
Toledo ..... .

1880J1881J1882.

G631 46| 4
64 45 67
63 13 08
068 65 36

el 7 7
(¢ HrR 64
74 67 71
72 [ 71
70 (i 72
69 63 63
70 6D 70
71 70 73
70 64 7

.......... &3
..... 67 1 72
74 67 1 70

56| 47! 8
1
D8 521 ON
53 4au| 45
54‘ 43 | 53

46 45 0 b

530 401 6
510 83| 56
501 38| o8l

. 1885.[ 1886.

49
H1
50

61

)
70

65

61 | 66
69
71

o - e

)
5h| 47| o6 |
7 !

1887.

1888,

46
43
44

54

50
50
60
62

60
65
66
67
65

-

‘
67
70
70

‘

76
62
68
68
67

69
66

65
G

63
65
G6
66

[

72
70
62
60
622

60
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TaBLr XXI.—MARCH.

Stations. l 1880.
Detroit..ccev oeeeen-. i 48
Port Huron .......... a6
Alpena .c.....aeeee .- | 40
Sault Ste. Marie .. .. ......-
Marquette........... | 40
Escavaba ........... | 35

Green Bay. ......-. .ot
Manistoe ....-...---- feeaas

Grand Haven........ | 62
Milwaunkee .oonee .. - |43
Chicago cceeevenanne. | 49
Duluth..ooooveiean . L 37
St.Paul ..ot | 43
La Crosse . R 48 |

Dubuqxle.....:'.:::.: n2

Davenport ........... 99

Dos MOINes «.oeue .- -- | 54
Keokuk coooconane-. .Y
Springfield, 11} ...... v HR
Cairo ceceeevvenenen 63
St. Loui8 coceneeann-s | 61
Springfield, Mo ......0....-
Lexwenwort,h ........ 60
Kansas City «.ooonoauloaens
Lamar coceee cecccaaclonans
Wichita coveeeevecoc|eanns
Concordifh - cavmeennoleoonn
Omaha .cocvneveaane - | 50
Yankton .........-.. ¢ 51
Valentine -.coceevnou|eeen-
Fort Buford ......... 35
HUION ccvececcaccane|eaenn
Fort Sully.covaeeeencficnas
Moorhead ..ocvvean]eanne
St. Vincent...-.. SR P
Bismarck .c. oot con--- 38
JFort Assinniboino ...j....-
Helena covacs comennnefennn-
Poplar River ........j.ec--
Fort Custer ......-.- 45
Rapid City ..coen--- O
8alt Lake City .----- 46
Cheyonne ...cocc...-. 36
North Platte ........ 44
Denver...c..o-veen-- 46
Montrose ..cceeacensjece-
L.08 ADIMAas . cocccee-foe--
Pueblo ccvoececcnean|onee-
Pike’s Peak........-. 13
Dodge City.-.--. ... 60
Fort Elliott ......... G5
Fort Sill ... .ot 65
Santa 1’6 ............ 28

SIGNAL OFJFICER.

GREATEST AT 7 A. M. TrMreraATURES—Continued.

1584, |188¢ 1886 |1887 '1888

1881, 188211883|
42 ‘ 49 | 49 | 51 | 44
36, 6L 351 46 a5
32| 40 33 ‘ 38 l 31
TaTTTA0T AR A e
gl a6l osef owr, m
..... SN
----- B ey
37| A6 w7 | 49 30
33 48| 40, 41 B0
36| 00, 45| 46 | 44,
34 371 36 37, 39
37 | 42 85, an | 42
0| a8l 2o 43 40
34| 481 40 48 2!
| .
a4 | 53 | 437 o0 4
37 1 40 41§ 47 A5
42| 56 4y, H6 i 47
46 | 57 6L a2i A0
GO 66 57 - 63; 5]
561 64 o1l a8 ol
..... (ﬂ)i 4{’| ceelomees
15 ‘ 60 ik Halo47
..... U P
..... RSN
i . i |
ZZZZ:'ZZ:.VZI'|'ZIZJ.....
7 | 88 46 56 | 47 !
38| 481 $3| 44! 43
..... .. I. . ' |
35| 407 48] 86 40
..... 98 a8 41 390
"ié"'éb'['éé"'k 51 07
301 201 82 3R 20|
33| 44 I BR83 39|
45| an| av| 33 45
50| 47! 461 ui | 47
................ 1.)7 a4
42| s l..... 6 47
TR TA6 T RG |6 a8
46 44| 36 36| 40
30| 46| 37| 46| 35
3] 551 50 44 40
.................... 38
..... 55| 431 53| 40
CHTIR T | s
471 n2 | 50| 55| 44
477 60 ] 48| 561 63
54 66 50 1..... 55
41 ‘ 48 | 46 .- 11

44
44

42

30

46

44
39
4y

40
45
45
13
41

=

<

43
BH]

38
36
39
49
50
51
20

34
36

o8

0Ho

41
n7
1)

GO
o6

o7
07
49

42
43

40 |

57 |

37

pros
32

31

43
45

- 36

49
55

40

1889.' Moans.

44

42
44
38
41

a2
44
43
43

46
46
3
44
47

48
Ra
46
o3
64

61

o0 |
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stcn ETARY OF WAR,
A \\’ GREELY, Chief Signal Officer.
Ohuwmom for the Bignal Service

are taken af 8 A. M. & 8 P, M.
75th Meridian Time.
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